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Abstract: 



I We calculate the branching ratio of B° — ► A+p in the PQCD approach. Most 

■ previous model calculations obtained branching ratios significantly larger than 
, experimental data. We find that the predicted branching ratio for BK(B — ► 

■ A-tp) m the PQCD approach can vary over a range of (2.3 ~ 5.1) x 10 -5 with 
the largest uncertainty coming from the parameters in the wave function of A c . 

■ With the favored values for the parameters in the A+ wave function, (3=1 
\ GeV and m q = 0.3 GcV, the branching ratio is about 2.3 x 10 -5 which is 

OO . satisfactorily consistent with the value measured by experiments. 
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I. INTRODUCTION 



B-physics stands as an ideal laboratory for studying hadron structure and fundamental mechanisms which govern 
the reactions for a heavy quark and the related hadronization processes. It also offers a window to search for new 
physics. The mesonic decays of B-mcson have already been carefully studied by many authors because such processes 
are theoretically simpler and have a rich data accumulation. Nevertheless much data on the baryonic decays of B- 
mesons have also been collected. In 1987, B — > ppn ± and B — > ppK + ir~ were firstly observed by ARGUS Q and 
since then, various baryonic B baryonic-decay modes were measured at CLEO, Belle and BaBarjIllllIlli]. All the 
information offers us an opportunity to more seriously investigate the processes where baryons are involved. However, 
the case for baryonic decays is much more complicated than the mesonic one, especially in the perturbative QCD 
(PQCD) approach^ where there is not any real spectator constituent, namely all the constituents must be connected 
by exchanged gluons. One also needs to have detailed information for the wave functions of baryons which contain 
three valence quarks. All these make the problem much more complicated and cause theoretical uncertainties. 

In this work we study the process B — > A+p. This process has been measured 0, 0, with a branching ratio of 
(2.2±0.8) x 10 -5 . There have been some theoretical evaluations for this branching ratio using various phenomenological 
models, such as the constituent quark model, the pole model, the QCD sum rule, the diquark model and othersja, 0, 
[Tot ITU |T3 . All the theoretical predictions made in these models are substantially larger than the data. Later Cheng 
and Yang|13j considered the pole structure and applied the bag model approach for calculating the hadronic matrix 
element. Their result is close to the experimental data. The related theoretical estimations on the branching ratio 
and the experimental data are listed in Table I. 

Since the success of the PQCD approach in studying mesonic decays of B-meson is remarkable, it is natural to 
extend this approach to evaluate the decay rates of baryonic decays of B-mesons. In B — ► A + p, the two final baryons 
are much lighter than B-meson, they possess relatively large linear momentum p = A 1/,2 (Mj|, AfjJ , M 2 )/2Mb in the 
rest frame of B-mcson, thus the momentum match of the quarks in the final baryons requires that the exchanged 
gluons must be "hard", or say, have large k 2 . Here k indicates the generic momentum carried by a gluon. Moreover, 
unlike in some cases where a pair of quark-antiquark is created from vacuum, the pair of quark-antiquark is created 
by a hard gluon, therefore one expects that the whole process is calculable in the framework of PQCP[l4j. 

In the PQCD approach, there are unknown parameters in the wave functions of the B-meson and the two baryons 
in the final state. However, since these parameters are universal, they can be fixed by fitting data of other relevant 
decays. This treatment of the unknown parameters reduces the model dependence of the theoretical calculations. 
Therefore one has good reasons to believe that the result obtained in PQCD would be credible. Indeed, our numerical 
result is closer to the experimental data than those by other models. 



TABLE I: Branching ratio of B° — > A+p for different models and experiments (last two numbers), respectively. There is also a 
preliminary Babar result (2.15 ± 0.36 ± 0.13 ± 0.56) x 10 -5 . 
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The effective Hamiltonian responsible at the quark level for B — > A+p is given bv[l5j: 

H e ff = —j=V cb V* d [Cx(cb) V -A{du)v-A + C 2 icu) V - A (db)v-A\ + h.c, (1) 

where (ab)v-A = &7 M (1 — 7s)&, and C^°(mb) = 1.12, C;f (mf,) = —0.27^.15]. In our calculation the [i dependence of 
at the leading order remains. 

At the hadron level, the decay amplitude for 5° — > A + p is obtained by sandwiching the effective Hamiltonian 
between the initial and final hadron states, 

M(B°^Atp) = {Atp\Hef f \B°) 

= ^V cb V: d Af(A + B l5 )p, (2) 

where A and B are two form factors which we will calculate in the PQCD approach. 
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The partial decay width is then given by 

r(s°-A+p) = G2 F \Vc b \ 2 \Vu d \ 2 i {ml _ (mAe ~ mpY){m 2 B (mAe _ TOp)2) 

[|A| 2 (m| - (m Ac + m P ) 2 ) + |5| 2 (m| - (m Ac - m P ) 2 )] . (3) 

In the following sections we present details for the calculations. In Section II, we describe the approach for 
calculations. In Section III, we present our numerical results along with all necessary input parameters. The last sec- 
tion is devoted to our discussions and conclusions. Detailed calculations for each diagram are given in the Appendices. 



II. PQCD CALCULATION OF THE HADRONIC MATRIX ELEMENTS 

The effective Hamiltonian at quark level has been studied by many authors and the PQCD approach has also 
extensively been discussed in literature. In this section we discuss how to calculate the hadronic matrix elements 
defined in the previous section in terms of the PQCD method [7l Hil ITU Hsj . As usual, we define, in the rest frame 
of B° , q, p and p' to be the four-momenta of B°, A+ and antiproton, q is the b quark momentum, qi(i = 1,2), 
ki(i = 1,2,3) and k[ to be the momenta of the valance light quarks (anti-quark) inside B°, A+, and p respectively. 
We parameterize the corresponding light cone momenta with the masses of all light quarks and antiproton being 
neglected as 

q=(q + ,q-,0 T ) = ^|(1,1,0 T ), p=(p + ,p~, Or) = (?W,0 T ) = ^|(l,r 2 ,0 T ) 
p' = (0,p'-,O T ) = ^|(0,l-r 2 ,O T ) 

?i = (yq + ,q~,<iT), 92 = ((1 -y)g + ,o,-q T ) 

h = (a;ip + ,p _ ,ki T ), k 2 = {x 2 p + , 0, k 2 r), h = {xs,p + , 0, k 3T ) 

k' x = {Q,x' x p'- ,)&! 1T ), k' 2 = (0,x' 2 p'~,k' 2T ), k' 3 = (0,4p'~: k 3r) ( 4 ) 

where r = m\ r /tub, and y, Xi, x\ are the fractions of the longitudinal momenta of the valence quarks with x\ +x 2 +X3 = 
1 and Xi+x 2 -\-x' 3 = 1. qp, k^ and k' ;T are the transverse momenta of the valence quarks inside B°, A+ and antiproton, 
respectively. 

Note that because B° is in its rest frame, even though the momenta of the valance quarks inside the final states 
(A+,p) are fixed, the four-momenta of the valance quarks inside B° {q\,q 2 ) are not uniquely determined. One can 
also choose to have: 

gi = (q + ,yq~,q.r), 92 = (0, (1 -y)q-,-q T )- (5) 

Obviously, the first case (qj ) corresponds to that the momenta of c?-quarks in initial state B° and in final state p are 
opposite to each other, and the second one (qf) is in the same direction as the antiproton momentum (i.e. they are 
parallel.). One has to convolute the initial light-cone wave functions with the final light-cone wave function to make 
the correct choice. 

In the PQCD picture, hadrons are made of valence quarks whose momenta-distributions are described by appropriate 
wave functions. The wave function of A c is usually defined through the correlator |l9j. 

(TA.Wfci,*') = / n^?e*^ £ abc (0|T[c«(0)^( U ; 2 )^( U ;3)]|A c (p)) 

[0 + m Ae )7sCWAc(p)]o*(A ! i > i'), (6) 



8V2N C 



where / Ao is a normalization constant, A c (p) is the A c spinor, and ^(fc^, v) is the wave function, v is the hard sub- 
amplitude energy scale for the process which is within the range of Aqcd < v < mb and will be further discussed 
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below. Similarly, the leading-twist wave function of proton is denned bv|la.l20j: 

2 



1 



2V2N C J f = \ (2tt) 



fpiy) 

8V2N C 



where fp is the normalization constant, and P{p') is the proton spinor. 



Pip')) 



(7) 



^ v (k[ 1 k' 2l k' 3 ^) = -mk' 2 , k[,k' 3 , v ) + Hk[,k' 2l k' 3 ,v)\, 

^ A (k[,k' 2l k' 3 , v) = \ Mk' 2 ,k[, %,u)- Hk[,k' 2 , k' s , v )] , 

$ T (fc' 1; k' 2 , fe» = 5 Mk[ 7 k' 3 , k' 2 ,is) + Mk' 2 , k 3 ,k[, v)] . 



(8) 



The B meson wave function is expressed as[2lj 



(Y B ) a /3(qi,v) 



1 



— e^ w (O\T[d a (w)b (O)]\B^q)) 



m B )jb 



V2 



i 1 - 



(9) 



Ha 



where fi + term corresponds to the first choice of momenta of the valance quark d in B° and term corresponds to 
the second one with the relation: 



(l — y)m B 



ii, 2 

?2 



(10) 



When convoluting the hadron wave functions with the hard amplitude, one should use corresponding light cone 



momenta q\' 2 consistently for the above two terms. 

There is also a simple relation between wave functions <f>g, tjy^ and 4>b, <Pb used in the usual PQCD calculation: 



111) 



It has been argued that the distribution amplitude 4> B is negligible compared to (Ar|21|. therefore 4>b = 0b — 4>b- 
The specific form of 4>b will be given later when carrying our numerical calculations. 

Including the Sudakov factor with infrared cut-offs lu(ui' ,ui q ), and running the wave function from v down to 
lo(u>' , ui q ), the wave functions are obtained as [Tt| : 



*(xi, h,p, v) = cxp 
^{x'^b'^p' ,v) = exp 
®B{y,b q ,q,v) = cxp 



3 »i/ ^_ 

^2 s ( w . X W + ) - 3 / — 7g(as(M)) 

;_T Jul A 1 

dtp 



1=2 
3 



■^s(u>',x'tp ) - 3 / — 7,(a g (/x)) 
J uj' P 



z=i 



-s(w 9 ,g+) 



" dp. 



l(ot s {p)) 



*{Xi) 

*b(1-|/) 



where a; = min(l/bi,l/b2,l/b 3 ), uj' = min(l/b'i,l/b' 2 ,l/b' 3 ) and w 9 = l/6 9 



t(') 



bj/ — | and b q = |b 9 |. Here b, b' and b g are the conjugate variables to ky, k^ and q T whose definitions 



|bp-bp|,6p 



(12) 



IbP-bpl, 



are collected in Appendix B. 
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The explicit expressions for the Sudakov factors are given in |l6j with 



j(w,Q) = 



A = Ci 



2a 5 , 
B = -In 

3 7T 



dp 


ln( — 
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s ^2 



7T 



7 g (a s (^)) = -a s (/i)/7T, 

33 - 2n f 
^ - 12 ' 



(13) 



where 7b is the Euler constant, n/ is the flavor number and 7 g is the anomalous dimension. For B decays, the typical 
energy scale is above the charm mass, so we will take rif to be 4 in our numerical computations. 
Within the PQCD framework, the hadronic matrix element can be written as: 



M= J[Dx] / [£>&](y A J^ v (x^.,p>) 

H a 'P'-<'p' a P-yP(xi,x' i ,y, h, b'i, b q ,m B , m Acl v)(Yp) aPl (x ll b ll p 1 v)(Y B ) pp >(y, b q , q, v), 



where 



(14) 



[Dx] = [dx] [dx']dy, [dx] = dx\dx2dxz8{l — xi), [dx'\ = dxidx 2 dx' 3 5(l — x[) 



i=i 



(15) 



The measures of the transverse parts [Db] arc defined in Appendix A. 

To obtain the hard scattering amplitude H a P 7 p a ^ p (x, x' , y, b, 6', b qi tub, ^a c , one can derive the amplitude 
jjt,a 7 p o-P^P^Xi^x^, y, kr, k^, q T , m_e, «^A C ) corresponding to the 'i'th diagram in Fig. Q]and its analytic expression 
is displayed in Appendix B. Then a Fourier transformation on and ky is carried out to convert them into the 
b and b' space to obtain H % ' a 13 7 9 Q/37P (x, x' , y, b, b', b q , tub, toa c ). The concrete procedure for carrying out such 
transformation is described at the end of Appendix B. 




(a31) (a29) (a35) (a33) 




FIG. 1: The lowest order diagrams for the B — > A+p decay according to the first choice of momenta (q}). The wavy line 
indicates W-exchange. The solid lines, curly lines denote the quarks and gluons, respectively. In the diagrams, only one gluon 
line is shown. The other gluon line connects the solid black blob and the cross indicated by a,i. There are 36 diagrams. We 
label each one by a^. 



We can catalog the diagrams into several types. The first type includes 36 diagrams, indicated by in Fig. ^ If 
we adopt the first choice of momenta (q\ ) of valance quark in B° the total 36 diagrams contribute to the amplitude 
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FIG. 2: The lowest order diagrams for the B — > A+p decay according to the second choice of momenta (qf). The wavy line 
indicates W-exchange. The solid lines, curly lines denote the quarks and giuons, respectively. There are 8 diagrams. We label 
each one by hi. 



b 



d 




(cl) (c2) (c3) (c4) 



FIG. 3: The lowest order diagrams for the B — > A+p decay including three-gluon vertices. The wavy line indicates W-exchange. 
The solid lines, curly lines denote the quarks and giuons, respectively. There are 4 diagrams. We label each one by Ci. 





FIG. 4: The W-exchange diagrams for the B — ► A^P decay. 



in the PQCD frame, where the giuons can be "hard" (have large k 2 ). However, one can notice that, if we adopt the 
second choice (qf), in some of the diagrams the gluon attached to the spectator quark is always soft, i.e. k 2 « 0. The 
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contributions of such diagrams cannot be counted as PQCD contributions and are attributed into the wave functions 
of the initial or final hadrons. When calculating the PQCD contributions, these diagrams should not be included at 
all. In that case, there are only 8 diagrams, indicated by &j in Fig. [21 remain where all the exchanged gluons are 
"hard" . For another type of diagrams, 4 of them, indicated by Cj in Fig. |3| three-gluon vertices are involved. We find 
that the color factor for two, 03,4, of them is zero. There are also the W-exchange diagrams (where W is exchanged 
between the initial b and d), 36 of them with gluons connected to quark lines only and 4 of them with three-gluon 
vertices shown in Fig. 01 These diagrams are suppressed by the linear- momentum match and usually ignored[T^|. 
Therefore, there are 36+8+2=46 diagrams shown in Fig. ^I21 an d|21 need to be evaluated to the leading order. 

Multiplying all contributions of the diagrams in FigQl [5] and [3] with corresponding Wilson coefficients, one adds 
them up to obtain the full hard scattering amplitude 

^'^"(s, x', y, b, b', b q , m B ,m Ac ) = Y / C(t)W> a 'p' a ^P(x, x' , y, 6, b' , b q ,m B ,m Ac ). 

i 

Here we denote the hard scale as t which is taken to be the larger of the two variables t 12 associated with the virtual 
gluon momentum in Fig^ i.e. t = max^,^)- The expressions for are listed in Appendix C. 

Finally a RG running is applied to the hard scattering amplitude from the scale v in the wavefunctions to t and we 
obtain 

H a '^'p' a ^P(x, x',y, b, b', b q> m B , m Aa> v) = 

exp[-8 / ^ q (a s (jl))]xH a '^'p' a ^{x,x',y,b,b',b q ,m B ,m Ab ). (16) 
J v A* 

The form factors are obtained by properly grouping relevant terms according to the definition in cq.Q. Using 
cq. (|14f> we obtain a generic expression for the form factor corresponding to each diagram as 

A ' {B>) " J, ^ m^k w -•/ [ ' J^I / |fl^| ■ c ' ( '■ , 

*A.W*i(z')<Ml - J/W-S'lflj'fi 1 , (17) 

where 

3 3 
& = J2s(co,x kP + ) + J2 s{u',x' k p'-) + s(uj q ,(l-y)q + ) 

k=2 k=l 

+3 /* ? 7 «K(m))+3 f ?7 9 («,(M)) + 2 f ^7«KO)) 
Ju) A* Juj' A 4 Ju) q A* 

(18) 

and A 1 and B l represent the form factors contributed by the i-th diagram. C % is an appropriate combination of the 
Wilson coefficients. The superscript j labels different Lorentz structures V, A, and T of anti-proton according to 
eq.Q. The explicit expressions of f2 z are presented in Appendix D and the functions Hp are given in Appendix E. 
The total form factors are obtained by summing over the contributions of all the diagrams. 



III. NUMERICAL RESULTS 



We are now read y to evaluate the form factors numerically. In our calculations, we adopt the distribution amplitude 
* proposed in Ref.jHl Ejj for the A c , 

9 1 9 

a*) = Nx 1 x 2X3 eM- W ^ " ^ - 2^]- (19) 
The normalization constant N is fixed by the condition: 

J[dx]*(x 1 ,x 2 ,x 3 ) = l. (20) 
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Since the decay constant /a c is not experimentally determined so far. one has to invoke a theoretical evaluation to fix 
it. It is assumed that there is a relation between /a c and /a c as /a c = f& ■_ • I n terms of the PQCD method 

/a„ is determined by fitting B{Ab — > A c Zf) whose central value is 5% measured by the DELPHI collaboration^. In 
our previous study of Aj, — > A"/|23j| . we have carried out a new determination for /A b . When fitting the data we first 
truncate the double logarithmic Sudakov factor in such a way that we require the factor exp(— s) to be smaller than 
1 following the prescription of Ref. |24| . It is noted that our numerical value of f\ b is different from that obtained in 
Ref.^3|i where B(Ab — > A C W) was taken to be 2%, whereas we use the newly measured value instead. In concrete 
computations, we choose the cut-offs as ui = l.lAmin(l[bi, 1/&2, 1/^3) an d <J = lA4min(l/b' 1 ,l/b 2 ,i/b' 3 ). The 
phenomenological factor 1.14 is adopted according to Ref.|25j] to make the whole picture more realistic. Moreover, the 
values of /? and m q in the heavy baryon wave function need to be fixed. In Ref . [lfil Il7l . (3 — 1 GeV and m q = 0.3 
GeV were used to estimate the decay rates of A/, — > A C W, Af, — > plv and Af, — > AJ/ip. It is commonly expected that (3 
should not be too much smaller than 1 GeV if the form factors are dominated by the perturbative contributions. To 
see how different values of (3 and m q affect the results, we will let both (3 and m q vary within ranges of 0.6 ~ 1.2 GeV 
and 0.2 ~ 0.3 GeV respectively. Using the fitted value of f\ obtained in Ref. |23j . and the relation: f\ = f\ b — — , 
we listed /a c in Table Ull for different parameter sets. 



TABLE II: Decay constant /A c (GeV) for different choices of j3 and m q with Sudkov truncation described in the text. 



A. 


(3 = 0.6GeV 


13 = O.SGeV 


13 = lGeV 


(3 = 1.2GeV 


m q = 0.2GeV 


1.70 x 10~ 3 


2.50 x 10 -3 


3.51 x 10~ 3 


4.71 x 10~ 3 


m, = 0.3GeV 


3.12 x 1(T 3 


4.07 x 10~ 3 


5.22 x 10~ 3 


6.50 x 10" 3 



The proton distribution amplitudes have been studied using the KS model. In this work, we adopt the model 
proposed in Ref. [2(j , 



$(Xi,Ul) = (j> as (x 1 ,X2,X 3 )^N j 

3=0 

^as{xi,X 2 ,X 3 ) = 120x 1 X 2 X 3 . 



a s (u>) 



_a s (Mo) 



b 3 '/(4/3o) 



ajAj(xi), 



(21) 



with fj,Q « 1 GeV, the constants Nj, dj, bj and the Appcl polynomials Aj are listed in Table ITTT1 1 



TABLE III: The constants and polynomials in eq. l2H . 



J 


aj 


Nj 


bj 


Aj( Xi ) 





1.00 


1 





1 


1 


0.310 


21/2 


20/9 


Xl — X3 


2 


-0.370 


7/2 


24/9 


2-3( Xl +x 3 ) 


3 


0.630 


63/10 


32/9 


2 - 7(2:1 + x 3 ) + 8(xl + xl) + 4x^3 


4 


0.00333 


567/2 


40/9 


xi - X3 — |(a?i — xl) 


5 


0.0632 


81/5 


42/9 


2 - 7(X1 + X 3 ) + ^(x'i + xl) + UX!X 3 



The constant fp is fixed to be|2f 



fp{u) = fp(fJ, ) 



a s ((J>o) 



l/(6/3o) 



(22) 



with fp(iio) = (5.2 ± 0.3) x lO" 3 GeV 2 . 

The B meson distribution amplitude is given as plj : 



4>E.(x,b) = Npx (1 — x) exp 
where uo b = 0.4 GeV and N B = 91.74 GeV for f B = 0.19 GeV. 



2w 2 2 



(to b b)' 



(23) 



9 



Finally, when obtaining the branching ratio of B — > A + p, for definitiveness we fix rest of the parameters as 
following. The parameter Aqcd which enters in the strong coupling constant and various Wilson coefficients is set 
to be Aqcd = 0.2 GeV. For the CKM mixing parameters, we take their central valuesQ: syi = 0.2243, S23 = 0.0413, 
S13 = 0.0037 and (S13 = 1.05. We take two typical values for m q as 0.2 and 0.3 GeV and let (3 vary within a reasonable 
range to carry out the numerical computations. 

The theoretical values of the branching ratio for different (3 and m q are listed in Table IIVI Our numerical results 

indicate that BR(B -> A+p) = (2.3 - 5.1) x 1(T 5 . We see that the results are consistent with experimental data. 
With the values /3 = 1 GeV and m q = 0.3 GeV used in Ref . [H OIH , BR(B° -> A+p) = 2.3 x 1CT 5 . 

TABLE IV: Branching ratio(xl0 ) for different choices of /3 and m q with Sudakov truncation described in the text. 



BR 


(5 = 0.6GeV 


P = 0.8GeV 


= lGeV 


P = 1.2GeV 


m q = 0.2GeV 


4.6 


2.6 


3.6 


4.2 


m, = 0.3GeV 


3.2 


5.1 


2.3 


3.1 



IV. DISCUSSIONS AND CONCLUSIONS 

In this work, we apply the PQCD method to study the branching ratio of B° — > A+p. The new measurements on 
the branching ratio by CLEO and Belle indicate that the previous theoretically estimated branching ratio in various 
phcnomcnological models are obviously larger than the data, therefore a better treatment is needed. We take the 
PQCD as an approach to try since it has been successful in dealing with mesonic B decays. As we discussed in the 
introduction, the PQCD approach should be well applicable in this case, because the momentum match demands the 
gluons exchanged between quarks to be "hard" and the perturbative contributions dominate. Indeed, our numerical 
result is satisfactorily consistent with the measured value by the Belle collaboration. 

There are model-related parameters in various wavefunctions which may influence the numerical results. We obtain 
them by fitting data, thus the theoretical uncertainties would be much reduced. In fact, except the part involving the 
wavefunctions of the hadrons, all the calculations are done in the framework of PQCD. As long as the perturbative 
approach is applicable, the derivations follow the general principles of quantum field theory. Therefore the model- 
dependence is further reduced to minimum. 

There is another source of possible uncertainty coming from the prescription of demanding the Sudakov factor 
exp(— s) to be less than one as proposed in Ref.|24l|. This truncation seems to be just a convenient choice to suppress 
the amplitude. We therefore have carried out a calculation without the truncation for a comparison. Indeed, we 
find in certain kinematic regions, the Sudakov factor is larger than one. Therefore without Sudakov truncation the 
resulting branching ratio is larger, sometimes by a factor of two. With more accurate data, one can pin down the 
detailed differences. Since our results show that the predicted branching ratio with Sudakov truncation is close to 
experimental range, the prescription outlined in Ref.|24j is a reasonable way for calculations. 

In conclusion, we have calculated the branching ratio of B° — ► A+p in the PQCD approach. We find that the 

predicted branching ratio for BR(B — > A+p) in the PQCD approach can vary over a range of (2.3 ~ 5.1) x 10~ 5 
with the largest uncertainty coming from the parameters in the wave function of A c . With the favored values for the 
parameters in the A+ wave function, j3 = 1 GeV and m q = 0.3 GeV, the branching ratio is about 2.3 x 10 -5 which is 
satisfactorily consistent with the value measured by experiments. 
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Appendix A: the b measures 

The ordinary b measure is defined as 



(24) 
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The explicit forms of [Dbf for i— th diagram of the first type in Fig. ^ are given by 



ol) = [£)b ]("2) = [db 2 ][db' 3 }[db q ], 

(° 3 ) = [Db]< al5) = [Db] ia23) = [db 2 ][db 3 }[db' 3 }[db q ], 
(a4) = [Db] (a8) = [Db] (Ql2) = [L>b] (a24) = [dbi][db 2 ][db^][db g ], 
( a5 > = [Db]( a22 ) = [L>b] (a36 > = [db 2 pb 2 ][db^][db ], 

(«6) = [£)b j(a7) = [ db2 ][ db ' 1 ][ db J ] 
( q9 ) = [ib^db^db,], 

( al °) = [Db]( al7 > = [db 2 ][db 3 ][db,], 
( a11 ) = [dbi][db 2 ][db 2 pb ], 

(al3) = [Db] (al4) = [Db] (a29) = [Db] (a33) = [dbspbspb'ipb,], 

(al6) = [£)b ](al9) = [ d b 2 ][db 3 ][db' 2 ][db q ], 
( Ql8 ) = [db 1 ][rfb 2 ][db g ], 

(a20) = [£> b ](a30) = [£> b ](a34) = [d bl ] [db 2 ] [db'J [db ? ] , 

(« 21 ) = [db^Idb'JMIdbJ, 
(»2B) = [£)b] (a26) = [db ^] [db ^] [dbg ] , 
(«27) = [£)b ](a28) = [dbalMMfdb,], 

( Q31 ) = [Db]^ = [db 2 ][dbi][db£][db,], 
( a35 > - [db 2 ][dbi][db' 3 ][db,]. 
The explicit forms of [Db] 1 for i— th diagram of the second type in Fig. [5] are given by 

[£>b] (hl) = [Db] {a6 \ [Db] (b2) = [Db] {a7 \ [Db] (b3) = [£>b] (al3) , [Db] (b4) = [Db] (al4) , 
[Db]^ = [Db]^ a20 \ [Db]^ = {Db} (a21 \{Db} ib7 > = [Db]^ a27 \ [Db]^ = [Db] (a28 \ 
The explicit forms of [Db] 1 for z— th diagram of the third type in Fig. [3|are given by 

[£>b]( cl > 



[Db] 
[Db] 
[Db] 
[Db] 
[Db] 
[Db] 
[Db] 
[Db] 
[Db] 
[Db] 
[Db] 
[Db] 
[Db] 
[Db] 
[Db] 
[Db] 
[Db] 



(25) 

(26) 
(27) 



[db 2 ][db;][db' 2 ][db,], [Db]W = [db 2 ][db 3 ][dbi][db,]. 

Appendix B: Hard scattering amplitudes H t,a 13 7 p al3lp (xi, x' it y, kp, k^, q T , tub, m A c ) 

Expressions of amplitude H l,a ^ 7P a ^ p (xi, x' i7 y, kp, k^, q T , m^, rn\ c ) for each diagram in Fig. 1. There is only 

one Lorentz structure for the 7-matrix in the effective Hamiltonian, O ^ = "f^L. 
For the hard amplitude of Fig.l(al): 

H^'P'y'p'^ix^x^y, k T , k' T , q Tl m B ,m Ac ) = 



gabCgCL b c 



(k 2 + k' 2 ) 2 (q 2 - k' 3 Y[{ qi -k 2 - k' 2 f - m 2 ][{p - k 2 + k[Y - m 2 } 

[Aqi + (k 2 T + k 2T ) 2 ][i? Q i + (q T + k 3T ) 2 ][C a i + (— q T + k 2T + k' 2T ) 2 ][D a i + (k 2T + k 



(28) 



with 



A a i = (r 2 - l)x 2 x' 2 m 2 Bl 



B al = (r 2 -l)x' 3 {y-l)m\ 



Cai = ml + ((r 2 - 1)4 + l)(a? 2 - y)m%, D al = m 2 b - (r 2 {x[ - 1) - afofa - l)m\ 



and the color factor 

N = 



^abc^a'b c 



(C 1 {Ti) w (T i T!'T) €u/ 5 a , c + C 2 {T3) w (T l TiT l ) cd 5 aa ,) 



;C 2 



(29) 



(30) 



For the hard amplitude of Fig.l(a2): 

H a2, a '0'y'p'^P {x . t ^ yi kTj k ^ 



^.abc^a'b' c 



(C 1 (T>) w {T>T l T , ) ac ,5 a , c + C 2 (Ti) w (T3T*T% c ,5 aa ,) 

(fa + k' 2 f{q 2 - k' 3 n(q - fc 3 ) 2 - ml] [(p - k 2 + k[f - m 2 ] 
" [A a2 + (k 2T + k 2T ) 2 ] [B a2 + (q T + k 3T ) 2 ] [C a2 + k' 3 2 T ] [U o2 + (k 2T + k 2T + k 3T ) 2 



with 



A a 2 = {r 2 - l)x 2 x' 2 m 2 B , 



C' 



™b + (~4 r + x 3 - !) ? 



B a 2 

D a2 ■■ 



:(r 2 -l)x' 3 (y-l)m%, 
m\ - ir 2 [x\ — 1) — x[)(x2 — l)m 



and the color factor 



Ca2 
N 



£ abc £ a'b' c' 



For the hard amplitude of Fig.l(a3): 

H a3 ' a '^'p' a ^P( Xi , 4, y, k T> k' T , q T , m B ,m Ac ) = 
- £ abc £ a>b'c> (Ci(T*) w (TlT i T i ) ac ,6 a , c + C 2 {Ti) w {Ti) aa ,{T l T l ) cc ,) 

{l\)p'^{ls)0p-[OM - V 3 + m b )7 A ] 7P (7 e (^ - fo + V 2 + m c )Q^) act > 
(fa + k' 2 Y (q 2 - fc 3 ) 2 [(g - fc 3 ) 2 - ml] [{p-h + k' 2 f- ml] 

= cffgtMp'YMwio^i - § + m fc ) 7 A ] 7P ( 7 e (^ - + V 2 + m c )0") aa , 

" [^a3 + (k 2 T + k 2T ) 2 ][5 a3 + (q T + k 3T ) 2 ][C a3 + k' 2 T ][D a3 + (k 3T - k' 2T y 



with 



A a3 = {r 2 - l)x 2 x' 2 m 2 Bl B a3 = (r 2 - l)x' 3 (y - l)m|, 

C a3 = ml + {-x' 3 r 2 +x' s - l)m%, D a3 = m 2 - (r 2 (x' 2 - 1) - x 2 )(x 3 - l)m 



and the color factor 



Ca3 
N 



£ abc £ a b c 



(Ci(T*) w (TlT i T i ) ae ,5 a , e + C 2 {Ti) w {Ti) aa ,(TT) cc ,) = |d - yC 2 . 



For the hard amplitude of Fig. 1 (a4) : 

H ai,a'0Wp'ocfrp( Xij ^ kT k ^ mBj mA J = 

- £ abc £ a'b'c' {c 1 {T i ) w {T i T i ) acf {T i ) caf + C 2 (T j ) w (T j T i T% cl S aal ) 

(fa + fc 2 ) 2 (<Z2 - fc 3 ) 2 (p - fa + fc 2 ) 2 [(g - fc 3 ) 2 - m 2 ] 
~ [A a4 + (k 2T + k 2T ) 2 ][B a4 + (q T + k 3T ) 2 ][C a4 + (k 1T - k 2T ) 2 ][i} a4 + k 3 2 T ] 



with 



Aai = (r 2 - l)x2x' 2 m 2 B , B ai = (r 2 - l)x 3 (y - l)m|, 



C a 



(r 2 — l)(xi — l)x 2 m B , D a A = m b + {-x' 3 r 2 + x 3 - l)m 



and the color factor 



C 



a4 abc a'b'c 



N 



e e 



For the hard amplitude of Fig.l(a5): 

l-^i: S-ii i/i K T? K Ti VLT; m Bi TO A C 



with 



^.afec^a b' c 



(fe + ^) 2 (<72 - ^) 2 (-p' - k 2 + k' 3 ) 2 [(q - k' 3 Y - m 2 ] 
^ [A a5 + (k 2T + k 2T ) 2 ][B a5 + (q T + k' 3T y][C a5 + (k 2T - k(, T ) 2 ][D a5 + k£ T ] 



A a5 = (r 2 - l)x 2 x' 2 m 2 B , B a5 = (r 2 - l)x' 3 (y - l)m|, 

C a5 = -(r 2 - 1)(4 - l)x 2 m 2 Bl D a5 = m 2 b + {-x 3 r 2 + x' 3 - l)m 



and the color factor 



Ca5 



£ abc £ a b' c 



(C\ {T% b , {T l T l ) ad (T% a , + C 2 (T*) w (T J ) aa > {TT) C 



16 16 



For the hard amplitude of Fig.l(a6): 

- £ abc £ a'b'c' ( Cl (P) bb ,(T^T% c ,6 ca/ + C 2 {Ti) w {TTiT l ) cd 5 aa ,) 

{le{fc + k ~ i2)lx) P ' 1 '{l )pp'[O^i> -h + ft + ™ b h% p (0^ aa , 
(k 2 + k' 2 ) 2 (-p> + q2 -k 2 + k[) 2 (k 2 + k! 2 - q 2 ) 2 [(p -k 2 + k[) 2 - m 2 } 

= Cfg^ojfo + ft 2 - 42hx) P ' Y {i e )w[Q^i - h + ft + m b ) 7 A ] 7P (Qf W 

[4,6 + (k 2 r + k' 2T ) 2 ][B a6 + (q T + k 2 T - k' 1T ) 2 ][C a6 + (k 2T + k 2T + q T ) 2 ][L> a6 + (k 2T - k' 1T ) 2 ] 



with 



a6 



(r 2 - l)x2X 2 m 2 B , 



B, 



a 6 



(l-r 2 )(^ 1 -l)(x 2 +y-l)m 2 3 , 



a 6 



(r 2 - l)(x 2 +y- l)x 2 m 2 B , D a6 = m 2 b - (r (x[ - 1) - x' 1 )(x 2 - l)m 2 



and the color factor 



C 



N 



abc a' b' c' 

e e 



v (Ci(F)w(rW)^f a ,ici(i'V^) a/ i M ,) 



2 2 



For the hard amplitude of Fig. 1 (a7) : 

H aT, a 'W*fiyP( Xu ^ y , kT) ^ qT; m B , mAc ) = 

e ahc £ a ' b ' c ' (C 1 (Ti) w (T i T i TS) ac ,8 ca , + C 2 (T>) w (TTT>) cd 5 aa ,) 

(jxhl -h + ^he) P 'Y(Y)^[0^ ~h + ft + m 6 ) 7 A ] 7P (Q^) aa , 
(fc 2 + k' 2 y{~p' + q 2 - k 2 + k[) 2 {-p> - k 2 + k[y[(p ~k 2 + k[f - m 2 ] 

~ [A a7 + (k 2T + k 2T ) 2 ][B a7 + (q T + k 2T - k' 1T ) 2 ][C a7 + (k 2T - k' 1T ) 2 ][£> a7 + (k 2T - k' 1T ) 2 ] 



with 



A a7 = (r 2 - 1)^24^1, B a7 = (1 - r 2 )(4 - l){x 2 + y- l)m%, 

C a7 = (1 - r 2 )(x[ - l)x 2 m%, D a7 = m 2 b - (r 2 (x' 1 - 1) - x[)(x 2 - l)m\ 



and the color factor 



^abc b' c 



(diT^wiT^T^arjSca, + C 2 (T%, {T l T l T') cd S a 



For the hard amplitude of Fig.l(a8): 

H^'^'p'^ixux^y, k T , k' T , q T , m B ,m Ac ) 



with 



^abc^a'b' c' 



' b ' c ' {CiiT^wiTTW^Sca. + C 2 {Ti) w (T>T l ) cd (T l )aa>) 



(k 2 + k 2 )2(q 2 -k 3 n( qi 

C^9 4 s {lx) P ' 1 '{l 6 ) p\O i 



k' 2 ) 2 - 



-q 2 + ki + k' 3 ) 2 - 



MP 



fa - jt! 2 + m h ) 7 e ] 7P ( 7 A (-^ + fa + $ + m c )0») c 



[A a8 + (k 2T + k' 2T ) 2 ][B a8 + (q T + k 3T ) 2 ][C* a8 + (k 2T + k' 2T - q T ) 2 ][L> a8 + (k 1T + k' 3T + q T ) 2 



ia8 



l):r 2 4 



B aS = (r 2 - l)x' 3 (y - l)m 



2 

B ■ 



C a8 = "ifc + ((r 2 - 1)4 + 1)02 - y)m%, D a $ = m 2 c + (r 2 (4 - 1) - x' 3 ){ Xl +y- l)m 2 



and the color factor 



^ t 



(C 1 (T i ) w (T i TlT i ) ac ,5 ca , + C 2 {T^) w {T^T l ) cc ,{T l ) c 



For the hard amplitude of Fig.l(a9): 

H^'^'p'^ixux^y, k T , k' T , q T , m B , m A J 



^abc W b' c' 

e e 



' b ' c ' {C 1 (T*) w (T i T i T i ) a& 6 ca ' + C 2 {Ti) w (T l ) cc ,{TTi) aa> ) 



(J, 



(7a W(7e)/3/3'(0/J 7 p[7 A (-{k + j6i + & + ™ c )7 6 



j6 8 - £ + ro c )0") £ 



(fc 2 + fc 2 ) 2 (92 - fc 3 ) 2 [(<Zl -ki- k[) 2 - m 2 ][(-q 2 + k 1 + k' 3 f - ml] 

cffgth^P'YMwiQphphH-fc + h + & + rr^yfijx - fa - ft + m c )o*) aa , 

[A a9 + (k 2T + k 2T ) 2 ][£ a9 + (q T + k 3T ) 2 ][C* a9 + (k 3T + k' 1T - q T ) 2 ][-D„ 9 + (k 1T + k' 3T + q T ) 2 



with 



Aa9 
C a 9 



= {r 2 - l)x 2 x' 2 m B> B a9 = (r 2 - l)x' 3 (y - l)m|, 

= m 2 + ((r 2 - l)x[ + l)(x 3 - y)m 2 Bl D a9 = m 2 + {r 2 (x' 3 - 1) - x' 3 )(xi + y- l)m| 



and the color factor 



N 



£.abc £ a' b' c 



{C 1 {T*) w (T i T*T i ) ac ,8 ca , +C 2 (Ti) bb ,(T) cc ,(T*T3) aa ,) = --C, + -C 2 . 



For the hard amplitude of Fig.l(alO): 

H^'^'r'^ixi,^ y, k T , k' T7 q T , m B ,m Ac ) 



_abc_a b' c 



{C 1 {Ti) w {TiT i T i ) tu/ 8 ca , + C 2 (P) w (T i ) cc ,(T j T% 



(7A)p' 7 '(7e)/3/3'(0 M ) 7P [7 e (^ - fa + fc' 2 + ™ c h> 



fa-p 1 + m c )0») c 



(k 2 + k' 2 Y{q 2 - fc 3 ) 2 [(<7i -hi- K) 2 - m*][(p-k 3 + k' 2 y - ml] 

c a N lo 9 4 s(^) P 'Yhe)p0'(o^h P h s ^ -h + ft + ^chHii -fa- + ^)Q%; 

[A aW + (k 2 T + k2 T ) 2 ][B a io + (Qt + k' 3T ) 2 ][C a w + (k 3T + k' 1T - q T ) 2 ][£>aio + (k 3 T - k 2T ) 2 



with 

Aaia = (r 2 - l)x 2 x 2 m B , B aW = (r 2 - l)x' 3 (y - l)m%, 

Caio - m 2 + ((r 2 - 1)^ + 1)0&3 - y)m 2 B , D aW = m 2 - {r 2 (x' 2 - 1) - x' 2 )(x 3 - l)m| 



and the color factor 



C 



alO 

N 



£ abc £ a' b' c' 



(tfi(TV(r'T i TV* co , + c 2 (^') fcb ,(r) CC '(^T 4 )aa') 



For the hard amplitude of Fig.l(all): 

H ^,«'P'l'p'«MP( XhX >. : kT) k ' T} qT; mfl> mA J = 

- £ abc £ a'b'c' (C 1 (Tl) W (T*) ea ,(T i T i ) acf + C 2 {Tl) W {TlT) cd {T l ) aa >) 

(l\) P <y(l9)w>h e (]/>- h + ft' 2 )0»h P h x (-fc + h + % + m c )Q^) aa , 
(fea + fc 2 ) 2 ( 52 - fc 3 ) 2 (p - fci + fc 2 ) 2 [(-g2 + fci + fc 3 ) 2 - m 2 ] 

= C^faVy (7eWW- + ^ 2 )Om] 7 p[7 A (-^ + h + ^3 + mc)O^W 

[Aaii + (k 2T + k 2T ) 2 ][B an + (q T + k 3T ) 2 ][C* a n + (ki T - k 2T ) 2 ][L> an + (k iT + k 3T + q T ) 2 ] 



with 

Aaii = (r 2 - l)x 2 x' 2 m 2 B , B a ii = {r 2 - l)x' 3 (y - l)m|, 

Can = (1 - ^ 2 )(^i - l)x' 2 m 2 B , D u = to 2 + (r 2 (x 3 - 1) - x 3 )(xi + y - l)m| 



and the color factor 

C^ 11 = e abc e a ' b c ' {Ci{TJ) w {Ti) ca ,{T^) ac , + C 2 (P) w (PT% c ,(T% al ) = -Ci + -C 2 . 



15 



For the hard amplitude of Fig.l(al2): 

H^'^'p'^ixi,^, y, k T , k' T , q T) m B , m A J = 
- £ abc £ a'b'c' [ Cl {T^) w {T^) ca ,{T l T l ) ad + C 2 {Ti) w {T) cc ,{TTi) aa 

{lx)p'- 1 '{le)pp-{Q^)- 1 p[l X {-i2 + + & + ^c)Q M (-P- h + ^h 9 ]aa' 

(k 2 + k' 2 f{q 2 - k 3 ) 2 (-p> -k 2 + k' 3 f[{-q2 + fci + k' 3 ) 2 - m 2 ] 

C a N 12 g 4 s hx) P 'y(j9)w>(0^ P h x (-fc + h + f 3 + mjgH; + ft)/]^' 
[Aia + (k 2 T + k 2T ) 2 ][B al2 + (q T + k 3T ) 2 ][C* a i 2 + (k 2T - k' 3T ) 2 }[D al2 + (k 1T + k' 3T + q T ) 2 ] 



with 



A a u = (r 2 - l)x 2 x' 2 m 2 B , 



B al2 = (r 2 - l)x' 3 {y - l)m%, 



Cai 2 = (1 - r 2 )(x' 3 - l)x 2 m 2 B , D al2 = m 2 c + (r 2 (x' 3 - 1) - x' 3 ){xi + y - l)r 



and the color factor 



riaYl 
N 



£ abc £ a'b c 



(Ci(T^V(^V(^) QC , + C 2 {Ti) w {T l ) cd {TTi) t 



For the hard amplitude of Fig.l(al3): 

fl^W^tii,^!,, k Tj k^ q T , m B , m A J 



^.abc^a he 



[ le (h + # 2 - ^ 2 )7A]p' 7 '(7 9 )/3/3'(0 / ,) 7 p[7 > 



(k 2 + k' 2 f{p -qx-k 2 + k[Y{k 2 + k' 2 - q 2 y[{ql - k 3 - k[f 



(61) 



(62) 



(63) 



C a N 13 gt{je(fa + p 2 - i2)lx] P ' 1 >{l 9 )pp-{Op) 1P {l\ii -h~Vi+ m c )0»} aa , 

[A a i3 + (k 2T + k 2T ) 2 ][S a i 3 + (q T + k 2T - k' 1T ) 2 ][C* a i3 + (k 2T + k 2T + q T ) 2 ][Z?ai3 + (k' 1T + k 3T - q T ) 2 ] 



(64) 



with 



A a i3 = (r 2 - l)x 2 x' 2 m 2 B , B al3 = (1 - r 2 )(x[ - l)(x 2 +y- l)m 2 B , 

C a i3 = (r 2 - l)(x 2 +y- l)x' 2 m 2 B , D al3 = m\ + (x[(r 2 - 1) + l)(x 3 - y)m% 



(65) 



and the color factor 



C a N 13 = e abc e a b c (C^UiT^T 1 )^^^ + C 2 {T^ w {T l ) aa ,{T^T l ) cc ,) = --d + -C 2 . 



For the hard amplitude of Fig.l(al4): 

H^'^'p'^P^x^y, k T , k' T , q T , m B ,m Ac ) = 



^abc _a' b' c' 



(Ci(T J ) w (rTT') ac ,^ + C 2 (f) w (T«) aa( (ff) £ 



hx(-f -h + KheWd^wio^tf 



h - ft + m c )0»] 



(k 2 + k' 2 Y{q 2 -p<- k 2 + k[)2(-p> - k 2 + k[) 2 [(ql -k 3 - k[Y - ml] 



(66) 



[A B 



(k 2T + k! 2T ) 2 ][B alA + (q T + k 2T - k' 1T ) 2 ][C a i4 + (k 2T - k' 1T ) 2 ][£> al 4 + (k' 1T + k 3T - q T ) 2 ] 



(67) 



with 



Aii4 = (r 2 - l)x2x' 2 m%, B a i4 = (1 - r 2 )(x[ - l)(x 2 + y - l)m%, 

Can = (1 - r 2 )(x[ - l)x 2 m 2 B , D aU = m 2 c + (x[(r 2 - 1) + l)(x 3 - y)m\ 



and the color factor 



C 



al4 ^abc^a'b'c 



N 



£ £ 



(C 1 (P) w (T i T i P) ac ,S ca , + C 2 (T3) bb ,(T l ) aa ,(T l Ti) c 



- 16 r + 8 r 



For the hard amplitude of Fig.l(al5): 

£ abc £ a'b'c' (c 1 (T i ) w (T i T i ) acf (T i ) cal + C 2 (T j ) w (T i T j T% c/ d aa .) 

h\) P >y(je)p0>h X (h + ^3 ~ -h~ ¥2 + mb)l% P {Q^) aa > 

(feu + fc 2 ) 2 fe - fc 3 ) 2 (fc 3 + K - q 2 ) 2 [(ql -k 2 -k> 2 ) 2 - m 2 ] 

[A a i5 + (k 2 T + k 2T ) 2 ][B a i5 + (q T + k 3T ) 2 ][C al5 + (k 3T + k 3T + q T ) 2 ][L> a i5 + (k 2T + k 2 T - q T ) 2 ] 



with 



A a i5 = (r 2 - l)x 2 x' 2 m 



Bi 



B„ 



(r 2 — 1)2:3(2/ — l)m 



2 

Bi 



a!5 



(r 2 - l)(z 3 + y - l)x' 3 m B , D al5 = m 2 + (z' 2 (r 2 - 1) + l){x 2 - y)m 



and the color factor 

C% 15 = £ abc e a ' b ' c ' (C 1 (T i ) w (T i T i ) ac ,(T i ) ca , + C 2 {T^) w {TT ] T) cd 5 aa ,) 



For the hard amplitude of Fig.l(al6): 

H^'^'p'^ixux'i, y, k T , k^, q T , m B , m Ac 



with 



^abc^a b c 



(^(TVC^WC^W + C 2 (Tf) w (Tf) aa ,(T i T i ) cc ,) 



(k 2 + k' 2 ) 2 (q 2 - k' 3 ) 2 (k 3 + k' 3 - q 2 ) 2 [[p -k 3 + k' 2 f - m 2 ] 

= C a N 16 g 4 s ( lx ) p , Y ( le )w> [7 A (fe + $3 ~ i2)0 P ] 1P [i e W - h + ¥2+ m c )Q^] aa/ 

[A aW + (k 2T + k' 2T ) 2 ][B aW + (q T + k 3T ) 2 ][C* a i 6 + (k 3T + k' 3T + q T ) 2 ][D al6 + (k 3T — ^-' 2 tY 



AaW = (r 2 - \)x 2 x' 2 m\ 



Bam = (r 2 - 1)4 (y-l)m%, 



a!6 



(r 2 - l)(x 3 + y — l)x' 3 m B , D a i 6 = m\ - (r (x' 2 - 1) - x' 2 )(x 3 - l)m 2 



and the color factor 



G 



al6 altc a b c 

N — e 



(C x (Ti) w {T>T l ) ad {T l )ca> + C 2 {Ti) w {T3)aa>{T l T l ) cc ,8 a 



3 Cl ~Y° 2 - 



For the hard amplitude of Fig.l(al7): 

BaVlJMp'afhp^^ y ; kr> ^ mA J 



^.abc^a'b c 



(C 1 (T i ) w (T i ) ae ,(T i Tf) ea , + C 2 {T 3 ) w {T^T l ) cc ,5 a 



(k 2 + k' 2 ) 2 {q 2 - ^) 2 (fc 3 + k' 3 - q 2 y{ qi -ki- k[) 2 

c a N 17 g 4 M P ' Y {i 6 )wh\h + ^ - h)i e (ii - h - ^U^W 

[A a i7 + (k 2 T + h' 2T ) 2 }[B al7 + (q T + k 3T ) 2 ][C* a i 7 + (k 3 T + k 3T + q T ) 2 ][£>al7 + (ki T + k' 1T - q T ) 2 ] 



with 



4x17 = (V 2 - l)x 2 x' 2 m\ 



B al7 = (r 2 - -l)m|, 



a!7 



(r 2 - l)(z 3 + y - l)x 3 m|, C al7 = (r 2 - 1)K - l)( Xl - y)i 



and the color factor 



C al7 = £ abc £ a'b'c> ( Cl (T 3 ) W (T l ) ac , (T^T 3 ) ca , + C 2 (T 3 ) bb : {T' i T 3 T l ) cc : 8 a 



For the hard amplitude of Fig.l(al8): 

i? al8 ' Q ' /3 ' 7 ' p ' Q/5w (x l , 4, y, k T , k' T7 q T , m B ,m Ac ) 



with 



^abc^a b' c 



(C^ V(r) QC ,(T^'r) ca , + C 2 {T 3 ) w {T 3 T l T) cd 8 a 



{lx) P >~ l >{le)w[l°{1>-h + y 2 )Y{ii -H- ft)Q M ] 7P (0"W 

(k 2 + k' 2 y{ q2 - fc 3 ) 2 ( P - fci + k' 2 y( qi -ki- fci) 2 
= c^ff^W^W'W- h + V^iii - h - ft)Q M ] 7P (0"W 

[^ais + (k 2 T + k^) 2 ]^^ + (q T + k 3T ) 2 ][Cai 8 + (k iT - k' 2T ) 2 }[D al8 + (kiT + k' 1T - q T ) 2 



A a i8 = {r 2 - l)x 2 x' 2 m 2 Bl B aW = (r 2 - l)x' 3 (y - l)m%, 

Cais = (1 - ?' 2 )(a;i - l)x' 2 m 2 B , D al8 = (r 2 - l)(x[ - l)(xi - y)m 2 B 



and the color factor 



£ abc £ a b c 



(Ci^V^JaC^'T*)^ + C 2 (TV(^'T i T% c ,<W) = --Ci - -c 2 . 



For the hard amplitude of Fig.l(al9): 

H^'^'r'^ixi,^ y, k T , k^, q T , m B , m A J 



^abc^a'b 1 c' 



(Ci{T>) w {T t ) ac ,(T , T>) ea , + C 2 (T 3 ) w (T 3 ) aa ,(TT) cc 

{lx)MlehAl X {h + & - <W] 7P (Q p (-/ - + &h 9 W 
(fc 2 + ^) 2 (<j 2 - fc 3 ) 2 (fc 3 + k' 3 - q 2 ) 2 (- P ' -k 2 + k' 3 ) 2 

[A al9 + (k 2T + k' 2T ) 2 }[B al9 + (q T + k 3T ) 2 ][C a i 9 + (k 3T + k' 3T + q T ) 2 ][L>ai 9 + (k 2T - k 3T ) 2 



18 



with 



A a i9 = (r 2 - l)x 2 x 2 m 2 B , 



B al9 = (r 2 - l)x' 3 (y - 1)7 



C a i9 = (r 2 - l)(x 3 + y - l)x' 3 m 2 B , D al9 = (1 - r 2 )(x' 3 - l)x 2 m 2 



(83) 



and the color factor 



£ abc £ a'b c 



o i a 

(C^T^iTX^iT^U, + C 2 (TJ) bb ,(Ti) aa ,(T i T% c ,) = - —C 2 . 



(84) 



For the hard amplitude of Fig.l(a20): 

H a20 < a 'e''<'p' a ^r(x i ,x' i ,y, k T , k' T , q T , m B ,m Ac ) 



^.abc^a'b c 



[Cx (T^)bb> (T J 'T i ) oc / {T l ) ca i + C 2 {Ti) w {TTiT) cc ,8 a 



(k 2 + k' 2 f{ qi - P + k 2 - k[) 2 (k 2 + k' 2 - q 2 y{ qi -h- k[f 

C^gj \jeih + jt' 2 - hhx] P ^{l e ) 0'[l x {ii -h- K)o%p(P,>) aa > 

[A a2 o + (k 2 T + k 2T ) 2 }[B a20 + (k 2 r - k' 1T + q T ) 2 ][C a 20 + (k 2 T + k 2T + q T ) 2 ][£> a2 o + (-<It + k iT + k' 1T ) 2 ] 

(85) 



with 



A a 



x 2 x' 2 {r 2 - l)m|, 



B„ 



(l-r 2 )(x' 1 -l)(x 2 +y-l)m 2 B 



x' 2 (r - i)(x 2 + y- l)m B , D a20 = (r - l)(x[ - l)(xi - y)m B 



(86) 



and the color factor 



C a20 = £ abc £ a'b'c' ^(T^, T')^ (T% a , + C 2 (T> <) w (T^ T') cc , 8 aa ,) = --d + -C 2 . 



(87) 



For the hard amplitude of Fig.l(a21): 

H^Wp'vlhpfay kTi k ^ qTj mB; TOA j 



^.abc^a'b c 



(CtiT^^T^iT'U, + (h(Ti) w (T i T i Ti) ed 6 a 



(k 2 + k' 2 ) 2 ( qi - P + k 2 - k[) 2 (- p i - k 2 + k[) 2 ( qi -ki- k[) 2 

= C a21 gj [7x(-jg - h + Vi)le]p'Y{l e )mAl X Hi - h - ^O^pjOpU' 

[Am + (k 2T + k^ T ) 2 ][S a21 + (q T + k 2T - k' 1T ) 2 ][(7 2i + (k 2T - k' 1T ) 2 ][L> a2 i + (k 1T + k' 1T - q T ) 2 ] 



with 



A a2 i = x 2 x 2 (r 2 - l)m Bl 



B a21 = (1 - r 2 )(x; - l)(x 2 +y- l)m% 



C a2 i = (r 2 - l)x' 2 (x 2 + y- l)m|, D a21 = (r 2 - l)(x[ - l)(x 1 - y)m 



B J 



(89) 



and the color factor 



C% 21 = e abc £ a ' b ' c ' (Ci^V^^oC^Jca' + C2(T 3 ) W (rT'P) c ^ a ^) = -|Ci - yC 2 . 



(90) 



For the hard amplitude of Fig.l(a22): 

H a22 ' a '^'p' a ^P{x u 4, y, k T , k^, q T , m B , m Ac 



^abc^a'b' c' 



{C^U^T)^^)^ + C 2 {T^) w (T'T) cc ,{T) aal ) 



(7^Wj^ - h - p2+™bh% P lO»(42-p + ^ )7 A1 
(k 2 + k! 2 y(q 2 - k' 3 y(q 2 -p> + k' 2 ) 2 [{qi - k 2 - k' 2 f - 



[A a22 + (k 2T + k 2T ) 2 ][£ a22 + (q T + k' 3T ) 2 ][C a22 + (k' 2T - q T ) 2 ][L> a22 + (k 2T + k 2T - q T ) 2 



with 



-4, 
C„ 



a22 



x 2 x' 2 (r 2 - l)m 2 B , 



B a22 = (r 2 -l)4(y-l)m 



(1 - r 2 )(x' 2 - l)(y - l)m|, £ a22 = to 2 . + ((r 2 - l)x 2 + l)(x 2 - y)m 



B ■ 



and the color factor 



G 



a22 ^abc^a'b'c' 



N 



e ' e 



For the hard amplitude of Fig.l(a23): 

H a23, a 'P'Vp' a p 7P{x ^ ^ ^ k ^ ^ 



^abc^a b' c 



(TaW (78)^(0 M ) 7P [7 e (^ ~ + ^ 2 + m e )Q^ 2 + ^) 7 A ] att - 
(fe + fc 2 ) 2 (92 - ^) 2 (<z 2 - P' + fc 2 ) 2 [(p - h + fc 2 ) 2 - m 2 ] 

C a N 23 gKjx)p'YM00>(O^ P h 9 U> - fe + & + m e )0"(& -£+ ^ 2 ) 7 A ] 

" [A a23 + (k 2T + k 2T ) 2 ][5 a23 + (q T + k 3T ) 2 ][C a23 + (k 2T - q T ) 2 ][D a23 + (k 3T - k 2T ) 2 ] 



with 



A a2 3 = x 2 x' 2 {r - l)m B , 



B a23 = (r 2 - l).x 3 (y - l)m| 



C a23 - (1 - r 2 )(4 - l)(y - 1)to 2 b , D a23 = to 2 - (r 2 (4 - 1) - 4)(x 3 - 1)to 2 



B- 



and the color factor 



Ca23 
N 



^abc^a b c 



3 Cl + 3 C2 - 



For the hard amplitude of Fig.l(a24): 

H a2AWp'y P ' a ^ P{ ^ ^ y> k ^ mS; TOA J 



^abc^a'b'c' 



{C 1 {Ti) w {T) ac ,{TiT) ca , + C2{T 1 ) W {T^T) CC ,{T) C 



faWfaWW -h + ^O^pIO'^-P + ^ 2 )7 A W 

(fc 2 + k' 2 y(q 2 - k' 3 ) 2 (q 2 - p> + k 2 ) 2 (p -k x + k' 2 ) 2 

cT9i(.ix) P ^{i s )wb e {j> -h + KW^ih -f + ft 2 b A U> 

[Aa2i + (k 2T + k 2T ) 2 ][B a24 + (q T + k 3T ) 2 ][C a24 + (k 2T - q T ) 2 ][L> a24 + (k 1T - k 2T ) 2 ] 



with 



A a 2A = x 2 x' 2 (r 2 - l)m%, 



B a2i = (r 2 - - l)m\ 



C a24 = (1 - r 2 ){x' 2 - \){y - l)m|, D a24 = (1 - r 2 ){ Xl - l)x' 2 m 



B ■ 



and the color factor 



C 



a24 ~abc~a'b'c 



N 



£"""-£" 



(^(TVC^c'C^'TV +C 2 (^)^(^T t ) cc ,(T i; )a a ') = + -C 2 



For the hard amplitude of Fig.l(a25): 

^.a'WAft^,.^^ kT; k ^ qTj mB) mA J 



^.abc^a b c 



(ix) P 'Aie)p ( Ao^p[o^i2^f - hh e (h- f + ft 2 )7 A W 
(fc 2 + fc 2 ) 2 fe - ^) 2 fe -p' + fc 2 ) 2 fe -p' - fe) 2 

[A a25 + (k 2T + k 2T ) 2 ][5 a25 + (q T + k3 T ) 2 ][C a25 + (k 2T - q T ) 2 ][£> a25 + (k 2T + q T ) 2 ] 



with 



A 



« 25 



x 2 a; 2 (r 2 — l)m 



2 



^a 2 5 = (r 2 - l)x' 3 (y - l)m 



C a25 = (1 - r 2 )(4 - l)(y - l)m Bl D a25 = (r 2 - l){x 2 + y- l)m 



and the color factor 



C 



a 2 5 ^abc^a'b'c' 



A' 



£ ' £ 



For the hard amplitude of Fig.l(a26): 

H^'W^ixi,^ y, k T , k' T , q T , m B> m A J = 
>6c e a'6V (^(tVC^WC^')^ + C 2 (P) w (fP) M( (f) c ,) 

(fe + fc 2 ) 2 fe - k' 3 ) 2 (q 2 -p' + k' 2 ) 2 {-p' -k 2 + k' 3 ) 2 

c a N 26 gKix) P 'yM00>(o t ,h P [on42-f - hh x (-f - h + &b 9 U' 

[^a 26 + (k 2T + k 2T ) 2 ][B a26 + (q T + k^ T ) 2 ][(7 a26 + (k 2T + q T ) 2 ][L> a2 6 + (k 2T - k 3T ) 2 ] 



with 



A a 26 = x 2 x' 2 (r - l)m B , B a26 = (r - l)x' 3 (y - l)m B 

C a2 6 = (r 2 - l)(x 2 + y- l)m%, D a2(i = (1 - r 2 )x 2 {x 3 - l)m|, 



and the color factor 



C 



a 2 6 ~abc^a b c 



N 



£ ' £ 



{C 1 (Ti) w (T i ) ac ,(T i T') ca , + C2{Ti) w {T i Ti) aa ,{T i ) cc 



21 



For the hard amplitude of Fig.l(a27): 

H a27, a '^j' P ' a 0y P ^ x ^ yt kT) ^ mBj mA j 



^.abc^a'b c 



{C 1 {T^) w {T^T i ) ac ,{T i ) ca , + C 2 {Ti) w {TiT l ) cc ,(T l ) a 



[jeih + V2 ~ ^)7A] P 'y (7 fl )^(Q A ')7p[Q M (-# + & - fchaU' 
(fc 2 + ^) 2 (g 2 -P' - k 2 + k[Y{q 2 -p>- k 2 f{-q 2 + k 2 + k' 2 f 

= cfigt [ le {h + & - 42hxW(Y)^(on-tp[on-P + 42- fchxW 

[A a27 + (k 2T + k' 2T ) 2 ][B a27 + (q T + k 2 T — k' 1T ) 2 }[Ca27 + (k 2 T + q T ) 2 ][Da27 + (k 2 T + K T + <It) 2 } 



with 



a27 



x 2 x' 2 (r 2 — l)m 



2 

B ■ 



Ba27 = (1 - r 2 )(x[ - \){x 2 +y-l)m 



a27 



(r 2 - \){x 2 + y - l)m 2 B , D a27 = (r 2 - l)x' 2 {x 2 + y - l)m 



2 

B • 



and the color factor 



C 



a27 ^abc^a b c 



N 



(C 1 (Ti) w (TiT i ) ad (T i ) ea , + C 2 (T^ W (T^T% C ,(T% 



For the hard amplitude of Fig.l(a28): 

H^'^'p'^P^x^y, k T , k' T , q T , m B , m A J 



^abc^a b' c 



{k 2 + k' 2 f{q 2 -p>- k 2 + k[) 2 (q 2 - p 1 - k 2 ) 2 (-p' - k 2 + k[) 2 

cTgi\ix(-f h + KhxWh e )0P>(on, P [on-P + 42 



'k)lx 



[A a28 + (k 2T + k' 2T f][B a28 + (q T + k 2T - k' 1T ) 2 ][C a28 + (k 2T + q T ) 2 ][^a 28 + (k 2T - k' 1T ) 2 l 



with 



Aa2& = x 2 x' 2 {r 2 - l)m%, B a28 = (1 - r 2 )(x\ - 1)(-1 + x 2 + y)m 2 B 

C a28 = {r 2 - 1)(-1 + x 2 + y)m 2 B , D a28 = (1 - r 2 )(x[ - l)x 2 m B , 



and the color factor 



(106) 



(107) 



(108) 



(109) 



(110) 



/~ta28 



^abc^a b c 



(CiCTVC^'WCTOca' + C 2 {T J ) w {T*Ti) cd (T% a ,) = --a + -c 2 



For the hard amplitude of Fig.l(a29): 

H a29Wp'V P ' a ^ P{xtj ^ ^ kr k ' Tj mA J = 

e abc £ a'b'c' (C 1 (T i T i ) W (T i T i ) ac ,5 C a> + C 2 (T J T l )bb> (T j )aa'(T l )cc>) 

(7a WW ~4i+ Vi)l%P'{Q^ P [l e {4i - h - ft + m c )0^\ aa , 
(p-qi-k 2 + k[) 2 (q 2 - k' 3 ) 2 (p -q 1+ ^) 2 [( 9l - fc 3 - K? ~ < 

C a N 29 gKlx) P >y heW -4i + K)l%P'{Q >l )' 1 p[l e {4i -h- Vi + m c)Q^ 



[A 



a 29 



(k 2T - k' 1T + q T ) 2 ][B o29 + (q T + k' 3T ) 2 }[C a29 + (k' 1T - q T ) 2 ][-D a 29 + (k 3 T + k' 1T - q T )< 



(111) 



(112) 



22 




23 



with 



For the hard amplitude of Fig.l(a32): 

H a ^ a '^'p' a ^P{ Xi ,x' i: y, k T> k^, q T , m B , m A J = 

£ a6c £ a'6'c' (C^TVC^WC^ca' + C 2 {T^T) W (T* ) cc , (I*)*,) 

(p- 9i - to + fcj) 2 (<fc - fc 3 ) 2 b - 9i - k 2 )i(q 2 -p> + k[f 

= C^gtiix)^' [79(6 -f + ^h X W(OMO^]/> -ii- h)i°U> 

[A a32 + (k 2 T - k' 1T + q T ) 2 ][S a32 + (q T + k 3T ) 2 ][C a32 + (k 2T + q T ) 2 ][£> a3 2 + ( ~~ Qt + ^it) 2 ] 



A q32 = (1 - r 2 )(x; - l)(s 2 + y - l)m|, B a32 = (r 2 - l)4(y - l)m 2 



C a3 2 = (r 2 - l){x 2 + y - l)m 



2 

B) 



(i 32 



= (l-r 2 )(x' 1 -l)(y-l)m%, 



and the color factor 



(121) 



(122) 



Ca32 _afec_a b c 



(Ci(TJT%,(TVCT J ')ca' + C 2 (T^T'V(T% c ,(T^) aa ,) = --Ci + -C 2 



For the hard amplitude of Fig.l(a33): 

jpm.c'Mi/afhp^ ^ ^ kj , ; k ^ qT; TOBj mA j 



g.abCg,a he 



{C 1 {TiT i ) w {T i Ti) tu/ 8 ca , + C 2 {T^T) w {T^) cd {T l ) c 



M P >yh 8 (-fc + h + fohxW'iO^ptf 



h - ft + ™c)0 M ] 



(92 - k> 3 )2(q 2 -p> -k 2 + k[f{-q 2 + k 2 + fc 3 ) 2 [( gi -k 3 - k[y 



c a N 33 gtM P 'Y h e (~h + h + VMw{o^pb\ii - h - ft + m c )Q"U> 

[Aa33 + (k 3T + q T ) 2 ][B a33 + (k 2T - k' 1T + q T ) 2 ][C a33 + (k 2T + k 3T + q T ) 2 ][£> a 33 + (-q r + k ' 1T 



(123) 



ksr) 2 ] 
(124) 



with 



^a 33 = (r 2 - l)4(y- l)m 



Bi 



B a33 - (1 - r 2 )^ - l)(x 2 + y- l)mj 



a33 



(r 2 - l)(x 2 +y - l)s 3 m|, D a33 = m 2 + (1 + (r 2 - l)a:' 1 )(a; 3 - y)m%, 



(125) 



and the color factor 



°7V 



gdbc g,a be 



- 10 r + 8 r 



For the hard amplitude of Fig.l(a34): 

H *M,<x'P'l'p'<*PlP( x .^ kTj k ^ qTj TOBj mA J = 



_abc _a/ b' c' 



{G\(TJT l ) bb ,(Ti) ac ,(T) ca , + C 2 (T j T i ) w (T i T j ) cc ,S a 



M P >yh 8 (-fc + h + ft)7AWV 



(92 - k' 3 f{p -qx-k 2 + fci) 2 (-92 + + A; 3 ) 2 (9i - ft - ft) 2 



ft-ft)0 M ] 7P (0") 



[A 



a34 



(k 3T + q T ) 2 ][-B a34 + (k 2T - k' 1T + q T ) 2 ][C a34 + (k 2T + k 3T + q T ) 2 ][£> a 34 + (-q T + k 'iT 



(126) 



kir) 2 ] 
(127) 



24 



with 



A a u = (r 2 - l)x' 3 (y - l)r 



B a34 = (1 - r 2 )K - l)(x 2 + y - l)? 



C* a3 4 = (r 2 - l)(x 2 +y- l)x' 3 m%, D a3A = (r 2 - l)(x[ - l)(xi - y)m 



Bi 



(128) 



and the color factor 



N 



£ abc £ a b' c 



(C 1 (T^'T'V(T 3 ')ac'(T < ) ca / + C 2 (TiT% b ,(T l Ti) cc ,6 a 



8 r 10 



(129) 



For the hard amplitude of Fig.l(a35): 

H^'P'yp'^yp^x'^y, k T , k^, q T , m B , m A J 



^abc ^a' b 1 c' 
£ £ 



' b ' c ' (C 1 (T j T i ) bb ,(T i T j ) ac .6 C a> + C 2 {T j T i ) w {T i T j ) cc ,5 aal ) 

{ie) P 'Ai e (-i2 + h + ¥ 3 )ixhAo^-h + ¥i + mb)i x ] 1P {o^) aa , 



( 92 - k' 3 ) 2 {q 2 -p> -k 2 + k[) 2 (-q 2 + k 2 + k' 3 ) 2 [(p-k 2 + k[f 



with 



Cf 5 gKle) P 'yh e (-42 + h + ^hx}p^O^-h + K + ^bh% P (On aa ' 

[A a35 + (kg T + q T ) 2 }[B a3 5 + (k 2 T - k' 1T + q T ) 2 ][C a35 + (k 2T + kg T + q T ) 2 ][£>a35 + (-k' 1T + k 2T ) 2 ] 



4,35 = (r 2 - 1)4(2/ ~ B a35 = (1 - r 2 )(4 - l)(z 2 +y- l)m 2 B 



(130) 



a35 



and the color factor 



{r- - l)(x 2 +y- l)4 m l: Aim = (1 + ^(-1 + x 2 ) + r 2 (-l + x\ +x 2 - x' 1 x 2 ))i 



B ■ 



(131) 



c 



a35 ^abca'b' 



N 



e e 



c> (Ci{T j T% b .{T% c .{T i ) ca ,+C2{TiT% y {T i T j ) cc ,5 aa .) 



io r 10 



(132) 



For the hard amplitude of Fig.l(a36): 

H^'P'y'p'^P^xl, y, k T , k^, q T , m B , m Ac ) = 

(TgW [7 9 (~^2 + h + ^)7a]/3/3'(Qm)7p[O m (^ - h - h + m b ) 7 A ] aa > 
(q 2 - k' 3 ) 2 (~p + qi+k 2 ~ k[) 2 (-q 2 + k 2 + k' 3 ) 2 (p - q x - k 2 ) 2 

= c a N 36 g 4 s ( lg ) p , Y [Yi-i-i + h + KhxW'jQMQ^^ -h- h + »^)7 A U' 

4a36 + (k3 T +q T ) 2 ][Ba36 + (— k 2 T + k' 1T — 

q T ) 2 ][Ca36 + (k 2 T + k^ T + q T ) 2 ][L> a36 + (k 2T + q T ) 2 ] 



(133) 



with 



A a36 = (r 2 - l)x' 3 {y - l)m%, B a36 = (1 - r 2 )(x' 1 - l)(x 2 +y- l)m| 

Ca36 = (r 2 - l){x 2 +y- l)x' 3 m 2 B , D a36 = (r 2 - l)(x 2 +y- l)m 



B • 



(134) 



and the color factor 

C a N 36 = £ -bc £ a'b'c' (p^T'UiT^aAT 1 )^ + C 2 {P T l ) w (I* ) cc , (T* ) aa> ) = -|Cl + ^C 2 



(135) 



25 



For the hard amplitude of Fig.2(bl): 

H ^'0'i'p'^iP^ XhX '.^ kT; k ' T} qT; mB) m Ac ) = H aa > a 'W a *"'(x i ,a/ i , y, k T , k' T , q T , m Bt m A J 

= gM^CT^g tliz ^)7AW(7 9 W[tW - h + ft + m b ) 7 A ] 7P (Q^ ) aa , 

~ [A 61 + (k 2T + k 2T ) 2 ][5 w + (q T + k 2T - k' 1T ) 2 ][C fc i + (k 2T + k 2T + q T ) 2 ][£&i + (k 2T - k' 1T ) 2 ] 



with 



A b i = x 2 x 2 {r 2 - l)rn%, B bl = x 2 (-(x' 1 - l)r 2 + x[ - y)m%, 

C bl = x 2 ((r 2 - 1)4 - y + l)m|, D bl = m\ - (r 2 {x' 1 - 1) - x' 1 )(x 2 - l)m| 



with 



[A b2 + (k 2T + k 2T ) 2 ][5 fc2 + (q T + k 2T - k' 1T ) 2 ][C h2 + (k 2T - k' lT y\[D b2 + (k 2T - k' 1T ) 2 ] 



A b2 = x 2 x 2 (r 2 - l)m 2 B , B b2 = x 2 (-(x[ - l)r 2 + x[ - y)m%, 

C b2 = -x 2 (r 2 - l)(x[ - l)m|, D b2 = m b - {x 2 - l)(r 2 (a;' 1 - 1) - xi)m| 



and the color factor 



N — °JV • 



(136) 



(137) 



and the color factor 

C# = C a N e - (138) 

For the hard amplitude of Fig.2(b2): 

H b2, a 'H'~f' P ' al l~fP {Xu ^ ^ kT; k ^ qr; mBimK ) = H^^'P'^'p'^Pix^x^y, k T , k^, q T , m B , m A J 



(139) 



(140) 



(141) 



For the hard amplitude of Fig.2(b3): 

H b3 ' a '^'p' a ^P(xi, x' t: y, k T , k' T , q T , m B ,m K ) = H al3 ' a '^'p' a ^P( Xi , x[, y, k T , k^, q T , m B , m A J 

= C<$gthe(h + ft - ^2)7A]p'Y(7 e )^'(OM)7p[7 A (^i ~ fe - ft + m e )0"U' 

[A b3 + (k 2T + k 2T ) 2 ][£ b3 + (q T + k 2T - k' 1T ) 2 ][C b3 + (k 2T + k 2T + q T ) 2 ][A, 3 + (k' 1T + k 3T - q T ) 2 ] 

(142) 



with 



Ab3 = x 2 x 2 {r 2 - l)m 2 B , B b 3 = x 2 (-(x[ - l)r 2 + x[ - y)m B , 

Cm = x 2 ((r 2 - l)x 2 —y+ l)m B , D b3 = m 2 + (x 3 - l)((r 2 - l)x[ + y)m\ 



and the color factor 

ib3 /~ial3 



(143) 

C b N * = C a N lA . (144) 



For the hard amplitude of Fig.2(b4): 

H^'^'p'^P^x^y, k T , k^, q T , m B , m A J = h^'P'Yp'^p^ ^ y, k T? k ^ qT; m B ,m Ac ) 

c b Mhx(-f - h + fthaWfrVW^b^i - fe - ft + 

[A M + (k 2T + k 2T ) 2 ][S h4 + (q T + k 2T - k' 1T ) 2 ][C M + (k 2T - k' 1T ) 2 ][£> h4 + (k' 1T + k 3T - q T ) 2 ] 

(145) 



26 



with 

A bi = x 2 x' 2 {r 2 - l)m%, B bi = x 2 (-(x' 1 - l)r 2 + x\ - y)m%, 

Cm = ~x 2 (r 2 - l)(x[ - l)m B , D b4 = m 2 c + (x 3 - l)((r 2 - l)x[ + y)m 2 B 

(146) 

and the color factor 

C b N 4 = C a N u . (147) 

For the hard amplitude of Fig.2(b5): 

H^'^'p'^P^x^y, k T , q T , m B , m A J = H a2 ^ a '^'^p' a ^P(x u x' l7 y : k T , k' T , q T , m B , m A „) 

[As + (k 2T + k 2T ) 2 ][£ fc5 + (k 2T - k' 1T + q T ) 2 ][C* &5 + (k 

(148) 



with 



As = aaa^r 2 - l)m%, S h5 = m|(r 2 (x 2 - 2:^2) + £2(^1 - y)), 

C b5 = m 2 B x 2 (l + (-1 + r 2 )x' 2 - y), D b5 = m 2 B (r 2 (l - Xl + (-1 + ^iK) - (-1 + x 1 )(x[ - y)), 



with 



[Ae + (k 2T + k 2T ) 2 ][S h6 + (q T + k 2T - k' 1T ) 2 ][C h6 + (k 2T - k' 1T ) 2 ][D 66 + (k 1T + k' 1T - q T ) 2 ] 



A fc 6 = x 2 x/ 2 (r 2 - l)m%, B m = m 2 B (r 2 (x 2 - x[x 2 ) + x 2 {x[ - y)) 

C b6 = -m 2 B x 2 {-l + r 2 )(-l + x[), D b6 = m|(r 2 (l - x x + (-1 + x^x'^) - (-1 + xi)^ - y)), 



and the color factor 



For the hard amplitude of Fig.2(b7): 



C66 /~ia21 
N — ■ 



with 



H^'P'y'p'^P^x'^y, k T , k^ q T , m B ,m Ac ) = H a27 ^'' 3 ''''p' a ^P(x l ,x' t ,y, k Tj k^ q T , m B) m A J 
[A b7 + (k 2T + k' 2T ) 2 ][B b7 + (q T + k 2 T — k 1T ) 2 ][C b7 + (k 2T + q T ) 2 ][L> b7 + (k 2 r + k 2T + q T ) 2 ] 



A b7 = x 2 x' 2 (r 2 - l)m%, B b7 = m 2 B x 2 (~r 2 (-l + x[) + x\ - y) 
C b7 = m 2 B x 2 (~y + r 2 ), D b7 = m 2 B x 2 (l + x' 2 (-l + r 2 ) - y), 



(149) 



and the color factor 

C* 5 = C a20 . (150) 

For the hard amplitude of Fig.2(b6): 

fi HaWMp (liiI ; iV| k T , k^, q T , m B , m Ao ) = H a21 ' a '^'' y ' p ' a ^' yp (xi, x' it y, k T , k^, q T , m B ,m A J 



(151) 



(152) 



(153) 



(154) 



(155) 



27 




28 



with 



A c2 
C c2 



and the color factor 



X2x' 2 (r — l)m|, 



C 



B c2 = (r 2 -l)4(l/-lK 



(r 2 - l)(x 2 +y- l)(x[ + l)m|, D c2 = m\ + ((r 2 - l)x[ + l)(x 3 ~ y)m 2 B , 



e 



abc ^a' b' c' 



f ja (CxiPTX^iT 1 ),,^ +C 2 (T% c ,(T%,{Ti) aa ,) = 6id. 



(164) 



(165) 



Appendix C: The maximal one of t 12 

The maximal one of the hard scales t\ and i 2 for diagrams (al)~(a36) in Fig. 1, (bl)^(b8) in Fig. 2 and (cl), (c2) 
in Fig. 3 are given below in the table. 

t° 



tf = max{,J\A al 
tf = max{^/\A^ 
tf = max{y/\A^ 
tf = max 



tf = max{y/\Aa 5 \ 



tl" - 



fa6 
c l 

c l 

4-aS 
l l 

tf = 



tj" = max 



ti" = max 



tf° = max{^\A aW \ 
{V\A^I\ 
{V\A^\ 
{VJA^\ 



Iba-bi+b,!'^'^'}' 

Iba-bi+b,!'"'"'}' 
1 



'2 



tf 1 = 



t" = max 



w 

tf 5 = max{s/ 

w 



max 



tf = max{^/ 



tf 8 = max{y/ 

tf° = max{^[ 
tl' 21 = max{yf 



t^ = max{^/ 



ia.11 
/a23 



max 



w 



tf 4 = max{^f 
tf 5 = max{y/ 



ti = mc 



w 



A 



a28 



tf 7 = max{,J\Aa27\ 

tf 8 = max{y/ 

a29__ {v / 

w 



ti"" = max 
tf° = 



tf 1 = mc 
tf 2 = mc 



w 
w 



A 



al4 



-4 



al5 



A„ 



A 



ol7 



A 



al8 



-4 



a!9 



A„ 



A 



all 



A„ 



A 



a23 



-4 



(i 24 



-4 



a25 



-4 



a26 



-4„ 



-4 



a30 



A 



a31 



ia32 



b^'^'i' 



ba-bs+KI'^'^'}' 
b 2 -b\+b q |' W ' W '}' 



b 2 4-b!,-b q | ' 
b a -b a -b q |' W ' W '}' 



bl-ba+bql' 

bi-b^+b,!^^'}' 

CJ,U> }, 



b 2 -b q | ' 

i 



\ax{y/\B a i\, jArj,LU,Uj'} 
tf = max{y/\B a2 \, 1^,0;, a/} 



tf =max{y/\B^\, ^y.w.w'} 
tf = max{- v /| J B a4 |, ^.w.w'} 
if = max{ x /|-B o5 |, r^|,w,w'} 
tf = maxjyjB^I, ^pW.a;'} 
if = max{v / |-B a7 |, ^,w,a>'} 
tf = ma^i/lBasI, TbT^bjT'^'^'} 
tf = max{^\B a9 \, ibt-b^ i'^'^} 



tf = maxi^/lB, 



alO 



tf 1 = max{^/\B an 
max{^/\B a \ 2 
max{^y\B t 



4-aYl 
L 2 



al3 



a!3 



max{^\B aU \ 



tf 5 = max{y/\B al5 



4-all 
l 2 



max{^y\B~ a 
max{^JXB a 



tf 8 = max{^\B a i 8 \ 
tf 9 = max{^\B~^\ 



tf° = max{y/\B a20 
tf 1 = max{^/\B a2 i 

t ' 



all 



>a 22 



j-a23 



4-a24 
[ 2 

j.a25 



y-a26 



j-a28 
c 2 



: max{ \Z\B~t 
max{^/\B a23 



max{y/\B a2i 
max{yJ\B a25 



max{^\B a2& 
max{ ^\B a27 1 



t a29 
t: 



2 

a30 



max{^| J B Q28 
max{y/\B c 



>a29 



max 



{V\B, 



a30 



b.+b^+bj ^X}, if 1 = m aa; {^B^ 

;ax{- v /|B a32 



1 , . , ,/ T. +a32 

ba-bi+b'a-b,,!'^'^ >' *2 



|b 3 +b t 



|bi-b 2 +b 2 -b q |' 

r .a;, w'l 

|bi-b q |' ' J 
1 



lb7fel' w ' w/ > 



ib 3 -b, 



|b 2 -b 3 -b 2 +b q | 
Ibs^T^^'} 

Tb^' w ' w '} 
Tbi^^^'} 

TbT^j'^'^'} 
1 



|bi+b q 



l^+bi-bi-bqp 



a; 



29 



tf 3 = max{ y /\A a3 3\ 



|b 2 -b 3 



-f,w,w'}, t 



a33 



if 4 = max{y /\AaM \, | bl _ b2+bg | 



a35 
1 

a36 



£f = TOax{^|A Q36 | 



l 

b 2 

1_ 

Ibs+bi 
1 



61 



b 2 
1 



j.62 



*63 _ 



j.b5 



j-bb 
' 1 — 

' 1 — 

ff>8 
' 1 — 

f cl 
l l 



max 
max{y / \A 



67 



*c2 



max{ A /|C c i 
max{ v /|A c2 



r2 



b^ W '}, 

Tb^bqT'^'^}' 

rbTFb^X}, 

l^-ba-Wl'^'"'}' 
|b 1 -b 2 +b q |> W > a;/ }) 

|b a — bi+b^l' ' J' 

2 

|b 2 -bi-2b q -b 2 | 



fa34 



fa35 . 
C 2 

/a36 
r 2 

i&l _ 
l 2 _ 

j-62 _ 
l 2 — 

+fc3 _ 



max{^/\B a33 \ 
max{^\B a34 \ 



max{y/\B a35 \. 
-- max{^\B a36 \ 



lb^J> w V} 
1 wX} 



m-b q | 

1 

lb' 



/i4 



maar{- v /[Bw|, 
max{y/\B b3 ' 
max{yJ\B~bl 



Ibs-bil 



|b 3 +b< 



'} 

r.w,w'} 



4 6 = max{ y/\B^\, tb^, w, w'} 



y-68 
cl 



max 
■ max 



max{^/\B c 



|bi+b q 

i 

b 2 +b' 1 — b 2 — b, 

ib 2 -b;-b 2 i ^X)- 



,u>,c/} 



|2b 2 -b 

2 



IK+bc 



"bq 



f c2 



max 



|2b 3 -bi+b q 



Appendix D: Expressions of Q l 

The expression of f2 l for diagrams (al)~(a36) in Fig. 1, (bl)~(b8) in Fig. 2 and (cl), (c2) in Fig. 3 are presented 
below where K , K\, No, Ni, Jo and J\ are Bessel functions and 9{x) is 8- function. 



n aL = 



dz\dz 2 



tt 2 K 1 (^/X 2 Z 2 )9(Z 2 ) + ^-[N 1 (^X 2 \Z 2 \) - Ui(y/X 2 \Z 2 \)]0(-Z 2 ) 



27rK (v/A^|b 2 + b q |)0(A„i) + 7r 2 [-iVo(v^i||b 2 - b^ + b q |) + iJ (^Xi||b 2 - b^ + b q |)]0(-4,i) 



(166) 



with 



^2 =S al (l-Z 2 ) 



■'-2 



Zi(l - zi) 



[C al (l - Zl ) + D alZl ] 



X 2 = [b' 3 -z 1 (b' 3 -b tl )f 



ziil-zx).^, 



"-2 



(bi-b,)" 



(167) 



dz\dz 2 \JX 2 
o zi(l - zi) y/lzV] 
27rA- o (v / ^2> q |)0( J B a2 ) + 7r 2 h7V (/^27|b q |) + iMVW^llKlM-Bai) 



n 2 K 1 {^X 2 ~Z 2 ')e(Z 2 ) + ^-[N^ X 2 \Z 2 \) - i.hWX 2 \Z 2 \)]0{-Z 2 ) 



(168) 



with 



Z 2 = C a2 (l - z 2 ) + 



~2 



Zl(l - Zl) 



[AaQ. - zi) + D„nzi] 



X 2 = [b' 3 - b q - Z!b 2 ]^ 



b 2 ^. 



22 



(169) 



30 



n a3 = 

27TK (^A^\h 2 \)9(A aa )+Tr' 
27rA' o (/B^|b q |)0(B a3 )+7r 
27rK (y/c7 3 \b' 3 -b cl \)e(C a3 



N (V\A^\\b 2 \) + *Jo(^Ad|b 2 |)j 0(-A a3 ) 
jV (/^|b q |) + iJ (V\B^\\K\)) 0(-B a3 ) 

+ *Jb(v1^||bi-b q |))fl(-C a 3) 



-N (V\C^\\b' 3 -b^ 
2TrK (^/D~ 3 \b 3 \)8(D a3 ) + tt 2 (- N (^\D^~\\b 3 \) + i Jo( V\D^\\b 3 \)) 6(-D a3 ) 



27rK (^A^\b 2 \)e{A a4 ) + ir 2 (-N (^\A^\\b 2 \) + iJoiVWM)) 8(~A a4 ) 
2nK (^B^\b< l \)8{B ai ) + ti 2 f-iV (^S^|b q |) +iJ (^B^|b q |)) 9(-B ai ) 



2-KK Q {^/C^\bx\)e{C ai ) + it 2 (-JVo(ViGrf||bi|) + iJ (VjOi||bi|)J fl(-C^) 
2^ ( y/lU\b' a - b q |)0(£> a4 ) + ^ 2 (-N (y/\D^\\b' 3 - b q |) + zJ (^D^m - b q |) 



-D a4 ) 



2nK {y/Aa5\b' 2 \)8(Aa5) + 7T 2 { - N {y/\A^\\b' 2 1 ) + iJo(V\A^\\*>' 2 \)) 0(-A a5 



2^A' o (vAB^|b q |)0(B a5 ) + 7T 2 (-iV (^Bj|bq|) + » J (v^B^i|b q |)J 9(-B a5 ] 
2nK (^/c7 5 \b 2 - b 2 |)0(C a5 ) + 7T 2 (-7V (Vlad|b2 - b 2 |) + U (V\O^\\b 2 - b 2 |)J 0(-C a5 ; 
[2^A ( /D^|b 2 -W 2 +b' 3 - b q |)0(D oB ) + 

ir 2 (-N Q (^/\D^\\b 2 - b' 2 + b' 3 - b q |) + iJ (V\D^\\b 2 - b' 2 +b' 3 - b q |)) 6(-D a5 )] 



(170) 



(171) 



(172) 



with 



n a6 

f 

Jo 



dz\dz 2 dz 3 



o 21(1-21)02(1-22)^1^3! 



TT 3 K 1 (^/x 3 ~z' 3 )e(z 3 ) + ^-[N.i^x^i) - i,h(^/x^\)]e{-z 3 ) 



Z 3 = B a6 (l - z 3 ) 



z 3 



22(1 - z 2 ) 



C a6 (l - z 2 ) + 



•?2 



Zi(l - zi) 



[A a6 (l - zi) + D a6Zl } 



X 3 = [-bi + Z 2 (b; + b q ) - (b 2 - b q )z 2 (l - Zl )f 



z 2 (l - z 2 ) 



-3 



[-K - b q - (b 2 - b q )zi] 5 



7TAl(V^l|bi + b q |)fl(Zl) + y[JVl(V|^l||bi + b q |) - zJi(V|^l||bi + bqDM-Zi) 



y/\Zx_ 

27rA (V^|b 2 + bi|)fl(A,7) + ^ 2 f-^o(v^Ad|b 2 + bi|) + iJ Q {^/\A^~\\b 2 + K|)) 9(-A a7 ) 



2irK {yjB^\b cl \)e{B a7 ) + n 2 (-N Q (V\B^\\K\) + i J ( V^tIM) 



(173) 



(174) 



(175) 



31 



with 



Zl = CalZ + D a7 (l - z). 



(176) 



2^ (VA^|b 2 b' 3 + b q |)0(A a8 ) + tt 2 -N (^\A^\\b 2 -b' 3 + b q |) + iJ (v^4^|b 2 - b' 3 + b q |) 6(-A a8 ) 



2irK {V~B^\b 1 - b' 3 \)6(B a8 ) + tt 2 [-N (y/\B^\\bi - b' 3 \) + iJ (v^i|bi - b' s \)) 0(-B o8 ) 



2ixK {-JC^\b' 3 - b q |)0(C Q8 ) + ^ 2 (-N (V\C^\\K - b q |) + iJb (v^l^llbi - b q |)) 0(-C o8 ) 
2^ o ( v ^|b 1 |)0(Z? a8 ) + 7T 2 (-^(v^D^IWI) + zJ (v / TD^|bi|)) «(-D o8 ) 



(177) 



with 



n a9 
fi 



dz\dz 2 



fx. 



TT 2 ^! (V^2 Z 2 )0(Z 2 ) + y[iV!(V^2^T) - *Jl(V%i^l)]«(-^a 



2vrii:o(VS a9 |b 1 - bi|)fl(B„9) + 7T 2 [-JV ( vOBag||bi - b!,|) + »J (V|B^T|bi - b' 3 \)}8(-B a9 ) 



Z 2 = C o9 (l - za) + 



"-2 



Zl(l - Zl) 



L4 a g(l - Zi) + D a gZi] 



X 2 = [b X - bg + b q Zl b^ 



Zi(l - Zi) 



"-2 



(178) 



(179) 



with 



f2 



alO 



dz\dz 2 



ir 2 K 1 (^X 2 Z 2 )8{Z 2 ) + ^-[N 1 (^X 2 \Z 2 \) - 1J1W X 2 \Z 2 \)]0{-Z 2 ) 



zi(l-zi)vW 

2 7 r/vo(v / ^|b 2 |)0(A al o) + 7r 2 [-iVoM4»io||b2|) + iJ W\A aW \\b 2 \)]9(-A aW ) 



Z 2 = B aW (l - z 2 ) 



-2 



Zl(l - Zl) 



[C al0 (l - zx) + D aW zi] 



x 2 = [b 3 + b q Zl b 3 f + Zl) b 3 2 



22 



(180) 



(181) 



n al1 = 



2nK, 



'oCV^ulbaD^n) + tt 2 (-N (^/\A^^\\b 2 \) + *Jo(vP oii||ba|)) 9(— Aaii] 
[2TTK {s/B~^\b-L - b 2 + b' a - b q |)0(B„n) + 

tt 2 (-JVo(V|S«n||bi - b 2 + b 2 - b q |) + tVoCVlBaiillbi b 2 + b 2 b q |)) 0(-fl aU )] 
27rA- (v^7|b 2 - b 2 |)0(C o ii) + tt 2 (-iV (v1C^||b a - b 2 |) + i J ( v 4^|b2 - b' 2 \j) 9(-C all ) 



2irK (VD^ 1 \b 1 -b 2 + b' 2 \)0(D all ) + tt 2 -Noiy/lDauWb! - b 2 + b' 2 |) + iJ (^A^|b! - b 2 + b' 2 



-D a n) 
(182) 



32 



rr 12 = 

27r^o(v / A^|b 2 + K K\)9(A al2 ) + rr 2 (-N ( V\^\\^2 +b' 3 - b q |) + i J (^/\A^\\b 2 + b 3 b q |)) 
2 7 r^o(v / ^|bi - b q |)fl(B ia) + 7T 2 (-NoW\B al3 \\bi - b q |) + i J {^\B~^\\bx - b q |)) 0(-B ol2 ) 
27rA- (v^^m - b q |)0(C ol2 ) + tt 2 (-N (y/\C~^\\b a - b q |) + iJ (V\C^\\K - b q |)) 0(-C o i 2 ) 
27rA (/D^ 2 > 1 |)fl(D„ia) + tt 2 (-JV (VPaia||bi|) + iJ (VT^[|bi|)) 0(-Aa 2 ) 

(183) 

n al3 = 

27r^o(v / ^|b 2 - b 3 - b q |)0(A ol3 ) + ^ 2 (-iV (^A^||b 2 - b 3 - b q |) + iJ (y/\A al3 \\b 2 b 3 b q |)) #(-A al3 ) 
2 7 r/v (v / ^|b 3 - bi|)fl(B„i3) + tt 2 (-iVoMBadlba - t>i|) + iJaW\B al3 \\b 3 - bi|)) fl(-B ol3 ) 
2 7 rAo(v / ^|b'i + b q |)0(C ol3 ) + tt 2 (-JV (V|C„i3||bi + b q |) + iJ ( V\Cai 3 \K + b q |)) 6(-C al3 ) 
2irK Q (^b~^\b 3 \)9(D al3 ) + tt 2 (-JV (VlA.i3||ba|) + »Jb(VlA,i3||bs|)) 9{-D al3 ) 

(184) 

n alA = 

27rA- (v/A^|b 2 b 3 + h' x \)e{A aU ) + tt 2 (-N (y/\A al 4\\b 2 -b 3 + bi|) + i J ( y/\A a u\ |b 2 b 3 + b^)) 0(-A„i 4 ) 
27rA- (v^B^|b 3 + b q |)0(B al4 ) + tt 2 (-JV ( Vl^aul |b 3 + b q |) + iMy/\B ali \\b a + b q |)) 9(-B aU ) 
2irK Q (^C^~ 4 \b' 1 + b q |)0(C ol4 ) + ^ 2 (-JV (V|CaM||bi + b q |) + iJoMC a i 4 ||bi + b q |)) 0(-C„i 4 ) 
27rA o (v / A^|b 3 |)0( J D a i4) + ^ 2 (-JV (v^u||ba|) + »Vo(V|A»i4||b a |)) 9(-D aU ) 

(185) 

ft a15 = 

2 7 rA (v / A^|b 2 b 3 + bq|)fl(A,i6) + ^ 2 (-iVo(Vl^ai5||b 2 - b' 3 + b q |) + iJ (^\A al5 \\b 2 - b 3 + b q |)) 0(-A al5 ) 
27rA (v/B^|b 3 - b'B|)fl(B i6) + tt 2 (-iV (^B^||b 3 - b 3 |) + iJ W\B al5 \\b 3 - b 3 |)) 9(-B al5 ) 
2TTK (Vc^\b 3 \)d(C al5 ) + 7v 2 (-iV (v^O^|b 3 |) + iJ (V\C^\\b 3 \)) 6(-C al5 ) 
2KK (y/D~^\b' a - bq|)fl(D a i B ) + tt 2 (-iVoMAasim - b q |) + iJ Q (V\D^\\K ~ b q |)) 0(--D a i6) 

(186) 



33 



n aW = 

2TrK Q (^/A^\b 2 \)6(A aW ) + tt 2 (-7V (^A^|b 2 |) + i,J (V\A al6 | |t>2 | 9(— A a i e )^ 
[27r^ (/B^|b 2 b 3 b' 2 + b q |)ff(B ol8 ) + 

^ 2 (-iV (v^B^|b 2 b 3 b 2 + b q |) + i Jo(vP^[|b 2 - b 3 - b' 2 + b q |)) 0(-5 o ie)] 
27rA- (v^^|b 2 - b 3 - b 2 |)0(C ol6 ) + tt 2 (-7V (v4^d|b2 - b 3 - b' 2 |) + iJ (V\C^\\b 2 - b 3 - b' 2 |)) 0(-C ol6 ) 
27rA (/D^|b 2 - b 2 |)0(.D al6 ) + tt 2 (-JV (vTD^||b a - b' 2 |) + iMy/\D aW \\b 2 - b 2 |)) 9(-D aW ) 

(187) 



O al7 = 

tt 2 A'i (y/X 2 Z 2 )0(Z 2 ) + ?L[N 1 (y/X 2 \Z 2 \) - iJiWX 2 \Z 2 \)]6(-Z 2 ) 
2^Ao(v / ^7|b3 - K\)8{B all ) + 7r 2 [-^V (^^H|b 3 - b q |) + tJo(v^B^|b 3 - b q |)]0(-B„i 7 ) 

(188) 

with 

^2 = C i 7 (l - Z 2 ) H r[A a i 7 (l - Zi) + D a l7Zi] 

Zi(l — Z\) 

X 2 = [b 3 -zib 2 ] 2 + Zl(1 ~ Zl) b 2 2 . (189) 



dz\dz 2 V ' X 2 
zi(l-zi) J\z7\ 



with 



O 



al8 



dz\dz 2 \JX 2 



tt 2 K 1 (^X 2 Z 2 )6{Z 2 ) + ?L[Ni(y/X 2 \Z2\) - i.hWX 2 \Z 2 \)]0{-Z 2 ) 



o ^i(l-^i)v1^2 

2 7 rA o (v / ^|b 2 |)0(A al8 ) + 7r 2 [-iVo(^A^||b 2 |) + zJ o ( V / l^ai8||b 2 |)]0(-A al8 ) 



(190) 



Z 2 = B als (l - z 2 ) 



Z-2 



Zl(l - Z\) 



[C Q i 8 (l -Zi) + D a i 8 Zi] 



Xo 



. bq _ Zlbl] 2 + flil^ll bl 2. 

z 2 



(191) 



rr 19 = 

27rK (VA^\b' 2 \)e(A al9 ) + rr 2 (-N (^\A al9 \\b' 2 \) + iJo(V\Aai9\\h' 2 \)) 9(-A al9 ) 

2irK (^B^\ - b 3 + bq\)0(B al9 ) + n 2 (-NoW\B al9 \\ - b 3 + b q |) + iJ (^S^|| - b 3 + b q |)) 0(-B al9 ) 
27r/v o (v / a^|b 3 |)0(C al9 ) + rr 2 (-N (y/\C~u\\b a \) + ^o(v^^|b 3 |)) 6(-C al9 ) 
27rA (/D^|b 2 - b' 2 \)6(D al9 ) + tt 2 (-iVo(7|^||b 2 - b 2 |) + iJ (^A^I|b 2 - b 2 |)) 0(--D a i 9 ) 

(192) 
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rr 20 = 

27T^ (v / A^|bi b 2 + b q |)#(A a20 ) + ^ 2 (-JVo(Vj^o||bi - b 2 + b q |) + iJoMAtfolIbi b 2 + b q |)) 0{-A a20 ) 
2 7 r^o(v / ^|bi -bi 1)0(^20) +7T 2 (-iV (Vl^a2o||bi - b'j |) + iJ ( V|S o20 | |bi - bi|)) 9(-B a20 ) 
27rA- ( v /O^|b' 1 + b q |)0(C a2O ) + 7T 2 (-iVo(V|C„2o||bi + b q |) + iJ Q (VK^\K + S(-C a20 ) 
27rA (VA^|bi|M J D a20 )+7r 2 (-JV (VPa2o||bi|) +iJ (VPa2o||bi|)) 9(-D a20 ) 

(193) 

fi° 21 = 

2irK (^/A^\b' 2 \)9(A a21 ) + tt 2 (-iV (^4^|b 2 |) + i J„( V\A^~\ |b 2 |)) 9(-A a21 ) 
27rA- (/6^|bi + bqD^Saai) + tt 2 (-JVo(V|S o21 ||bi + b q |) + * J ( Vl#a2i | |bi + b q |)) 6(-B a21 ) 
2 7 riTo(v / a^|bi + b q |)0(C o2 i) + tt 2 (-JV (V]^^T|bi + b q |) + iJ MC o21 ||bi + b q |)) 0(-C o2 i) 
27rA (/D^2T|b 1 1)0(^2!) +7T 2 (-iV (Vl^a2i||bi|)+ iJo(vTD^J|bi|))e(-D„2i) 

(194) 

n a22 = 

27rA- ( v /A^ 2 "|b 2 b^ + b q |)0(A o22 ) + tt 2 (-N (y/\A a2 2\\b' 2 - b' 3 + b q |) + i J (y/\ A a22 \ |b' a b^ + b q |)) 0(-A a22 ) 

27rfro('/Ba^|bi|)fl(B o2 a) + TT 2 (-JV (Vl^a22im|) + i J ( V|S„22 1 |b 3 |)) 0(-B a22 ) 

27rA (ya^|b 2 - b' 2 |)0(C a22 ) + tt 2 (-JVoMC a22 ||b 2 - b' 2 |) + lJ Q (V\Ca22\\b 2 - b 2 |)) 0(-C a22 ) 
[27rJf (A/A^|ba b' 2 + b' 3 b q |)0(D a22 ) + 

^ 2 (-^(^1^22 1 |b 2 - b 2 + b^ - b q |) + iJ Q W\D a22 \\b 2 - b' 2 + b^ - b q |)) 9(-D a22 )} 

(195) 

f2 a23 = 

27rA- o (v/A^|b 2 |)0(A a23 ) + tt 2 (-JV (VI^«a3||ba|) + * MV\^M\^\)) 0(-A a2S ) 
2TrK (^/B^\b 3 \)6(B a23 ) + tt 2 (-iVo(V|5 o23 ||b' 3 |) + iM^/\B a23 \\b' 3 \)) 9{-B a23 ) 
2ttK q (Vc^\K - b q |)0(C a23 ) + tt 2 (-JV (>/jC^i|b3 - b q |) + iMy/\C^3~\\b' 3 - b q |)) 9(-C a23 ) 
2nK (y/D^\b a \)0(D a23 ) + tt 2 (-N (^\D a23 \\b 3 \) + ij ( ^\D a23 \\b 3 \)^ 9(~D a23 ) 

(196) 
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n a24 = 

2TrK (^fA^\h 2 \)9(A a24 ) + tt 2 (-7V (^A^|b 2 |) + iJ (^4^|b 2 |)) 9(-A a24 ) 
2nK {^B^\b' 3 \)9{B a2i ) + rr 2 (-N (y/\B a2i \\b' 3 \) + t Jo(v / |S a24 ||m)) 0{-B a2i ) 
27rA- (v^Im - b q |)<?(C a24 ) + 7T 2 (-iVoCTl^im - b q |) + iJ Q (VK^\\K - b q |)) 0(-C a24 ) 
27rA' o (V^I|bi|)0(£> o24 ) + rr 2 (-JV (VPaM||bi|)+iJ (V|-Da24||bi|)) 0(--D o24 ) 

(197) 



with 



fT 25 = 
1 



dz\dz 2 \J X 2 
o zi(l-zi) yjZs] 



7 r 2 K 1 ( A /X 2 Z 2 >(Z 2 ) + 1 L-[N X { S /X 2 \Z 2 \) - i.hWX 2 \Z 2 \)]6{-Z 2 ) 



2irK (VB^5\b 3 \)6(B a25 ) + i^[-N (y/\B^B\ \b' 3 \) + Uo(V\B a 2s\K\)}e(-B a25 ) 



Z 2 = D a25 (l - z 2 ) 



Z2 



[A a25 (l-zi)+C a25 zi] 



X 2 = [b' 3 - b q - Zl h' 2 f 



zi) 2 



22 



(198) 



(199) 



with 



n 



a26 



dz\dz 2 \JX 2 



ir 2 K 1 (^x 2 ~z 2 ')e(z 2 ) + ^L[N 1 (y/x 2 \z 2 \) - i.hWx 2 \z 2 \)]0{-z 2 ) 



27rA' o (V^|b' a |)0(A a26 ) + 7r 2 [-iV (^A^j|b' 2 |) + iJ (^4^||b 2 |)]^(-A o26 ) 



Z 2 = ^a26(l - Z2) 



Z-2 



2l(l - Zl) 



[£>a26(l ~ Zl) + C' q26 Zi] 



*2 = [b q -^(-b^+b q )] 2 + 



- z l) /, / 



"-2 



0£-b q )' 



(200) 



(201) 



a27 



27rA (yA^|b 2 - b q |)0(A a27 ) + tt 2 (-N (^\ A a27 \\b 2 - b q |) + iJoMA,27||b 2 - b q |)) 0(-A a27 ) 
27rA (v / S^|b' 1 |MB a27 ) + 7r 2 f-JV (vTB^||bi |) + i MVW^K \)) 0{-B a27 



2vK {^fC^ 7 \b 2 + bi - b' 2 \)6(C a27 ) + tt 2 (-N ( v / ~\C^ 7 ~\\b 2 + bi - b' 2 |) + i/ (/|ad|b 2 + bi - b' 2 |) 8(~C a27 ) 



[2irK (VD^r\ -b 2 + b' 2 + bq\)6(D a27 ) 



tt 2 -N (y/\D a27 \\ b 2 + b' 2 + b q |) + lJ (^/\D a27 \\ - b 2 + b' 2 + b q |) 0(-D a2r )] 



(202) 



36 



rr 28 = 

2irK Q (^A^~ s \b' 2 \)0(A a2S ) + tt 2 (-N (y/\A aW \\b' 2 \) + iJ a (V\A^\K\)) 0(-A a2S ) 
[27^0 (/B^| - ba - bi + b 2 + b^\)6(B a28 ) + 

{-N (V\Ba2 S \\ - b a - bi + b' a + b q |) + iJ (y/\B a2 s\\ - b a - K + b' 2 + b q |)) 0(-.B a28 )] 

2irK Q (^C^\b 2 + bi - b 2 |)0(C o28 ) + tt 2 (-7Vo(v40^|b2 + K - b' 2 |) + iJ (V\C^\\b 2 + bi - b' 2 |)) 6(-C a28 ) 
[2nK (^D^\ - b 2 + b' a + b q |)0(.D o28 ) + 

tt 2 [-N (y/\D a2S \\ - b 2 + b 2 + b q |) + zJqMA^sII - b 2 + b 2 + b q |)) 0(-£> o28 )] 

(203) 

n a29 = 

2TrK (y/A^\b 2 \)6(A a29 ) + tt 2 (-7Vo(V K 29 ||b 2 |) + 0)(^A^||b 2 |)) 9(-A a29 ) 
27T^ (/B^|bi + b^\)6(B a29 ) + n 2 (-N ( y/\B a29 \ K + b q |) + iJ (V|£„ 29 ||bi + b q |)) 8(-B a29 ) 
2irK ( v / C^ 9 ~\b 2 - b 3 + bi|)0(C a29 ) + tt 2 (-7V (/|G^|b 2 - b 3 + bi|) + iJ (V\C^~\\b 2 - b 3 + bi|)) #(-C a29 ) 
2vr/io(/D^|b 3 |)0( J D Q29 ) + ^ 2 (-JV (v^A^||b a |) + t M y/\D a29 \ |b 3 |)) 0(-Z? a29 ) 

(204) 

27rX (yi^|b 2 |)^(A a3 o) + ^ 2 (-iV (v/|A3o||b 2 |) + i M V\A a3 o\ |b 2 |)) 0(-A o3O ) 
27rAV/B^|bi + b q |)0(£ a3O ) + ^ 2 (-iVo(v/|5 3o||bi + b ql) + ^o(Vl^a3o||bi + b q |)) ^(-Baso) 
[27rA- (yG^| - bx + b 2 + bi|)0(C a3O ) + 

{-N (y/\C^\\ - bi + b 2 + bi|) + iJo(v^03d| - bi + b 2 + bi|)) 9(-C a30 )} 

2TrK {y/b~^\b 1 \)e(D a3Q )+7r 2 (-iV (Vl^a3o||bi|)+ iJo(^D^j|bi|)) 6(-D a3Q ) 

(205) 

n a31 = 

[27rA ( v ^ 3 T|b 2 + bi - b 3 + b q |)0(A a31 ) + 

(-iv (^Q|b 2 + bi b' 3 + b q |) + i M^/\A^\\b 2 + bi - b 3 + b q |)) 0(-A a3 i)] 

2^A-o(v / ^ 3 T|b 3 |)e( J B a31 ) + tt 2 (-JVo(V|B«3i||bi|) + iJ (Vl^3i||b 3 |)) 0(-fl„ 3 i) 
2^ (y^3T|b 2 + bi|)0(C a31 ) + tt 2 (-JVoCvlOsiIlba + bi|) + iJo( V|C«3i||b 2 + bi|)) 0(-C O 3i) 
[27rA (/D^3T| - bi + b' 3 b q |)0(D a3 i) + 

^ 2 (-^Vo(v / T^dl - K + b 3 - b q |) + i J (^A^| - K + b 3 b q |)) 0(-A>3i)] 

(206) 
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n a32 = 

[27r/v (v^4~^|b 2 - bi + b 3 b q |)0(A a32 ) + 

7T 2 (-JVo(Vp^||b a - bi + b 3 - b q |) + i Jo(v / l^a3 2 ||b 2 - bi + b 3 b q |)) 9(-A a32 )] 
2-KK {^fB^\h' 3 \)e{B a%2 ) + 7T 2 (-JV (VI-Ba32||bi|) + i MV\B^\\K\j) 0(-B a32 ) 

27r^o(v / 0^|bi - b 3 + b q |)0(C a32 ) + tt 2 (-JV (v^ffl||bi b 3 + b q |) + iJ (V\C^\K -h' 3 + b q |)) 9(-C a32 ) 

2irK (^D~^\b 2 + b 3 b q |)0(D a32 ) + 7T 2 (-iV (^D^j|b 2 + b 3 b q |) + iJ (A/|r> a 32||b 2 + b 3 b q |)) 0(-^ a32 ) 

(207) 

fi a33 = 

[27ri^ (V^3"l - b 2 + b 3 + b q |)0(A a33 ) + 

(-JVo(VI4tf3|| b 2 + b 3 + b q |) + 2J (Vl^a33|| - b 2 + b 3 + b q |)) 6(-A a33 )} 
2 7 r/v (v / ^|b 3 - bi|)0(B a33 ) + tt 2 (-^(/T^dlbs - K|) + U (y/\B^\\b a - t»i|)) 6(-B a33 ) 
27r^o(Va^|b 2 - b 3 + bi|)0(C a33 ) + tt 2 (-Afo(v4^d|b2 - b 3 + bi|) + iM^\C~^\\h 2 - b 3 + bi|)) #(-C a33 ) 
27r^ (/D^ 3 "|b 3 |)^( J Da33) + * 2 (-iV (^A^j|b 3 |) + t M V\D a33 \ |b s |)) 0(-£>a3 3 ) 

(208) 

IT 34 = 

[27rA' (VA34|bi - b 2 + b q |)6»(A Q34 ) + 

tt 2 (-JVoM^oMllbx b 2 + b q |) + iJo(Vl^a34||bi b 2 + b q |)) 9(-A a3i )\ 
2 7 rA' ( v /^ 3 7|b 1 -bi|)fl(B„34) + 7T 2 (-JV (V|So34||bi - bi|) +<JoMBaM||bi - bi|)) 9{~B a3i ) 
[2irK {y/C^\ - bi + b 2 + bi|)0(C a3 4) + 

tt 2 (-iV (v^3^| - bi + b 2 + bi|) + iJ (^\C^\\ bx + b 2 + bi|)) 9(-C a34 )} 
27rA o (/D~^|b 1 |)0(^ a34 ) + tt 2 (-JV (Vl-DaM||bi|) + iJ MA.34||bi|)) 9(-D a3i ) 

(209) 

n a35 = 

[27rAo(v/A~^| b 2 bi + b' 3 \)9(A a35 ) + 

^ 2 (-JVo(VI4*b|| - b a - bi + b 3 |) + iJo(Vl^a3 5 || - b 2 - bi + b' 3 |)) 9(-A a35 )} 
2nK {^B^,\ - b 3 + b q |)#(B a35 ) + tt 2 (-iVoMBaasll b 3 + b q |) + iJo(V\B a35 \\ -b' 3 + b q |)) 0(-B a35 ) 
2 7 rA' ( v ^ 3 7|b 2 + bi|)0(C a35 ) + tt 2 (-iVv^Osd^ + bi|) + iJ (/|O^|b 2 + bi|)) 0(-C a35 ) 

[27rA- (/D^| - bi + b' 3 b q |)0(£> a35 ) + 

tt 2 (-^(vlA^Il - K + b' 3 - b q |) + iJo(V\D~^\\ - K + b 3 b q |)) flt-ZW] 

(210) 
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n a36 = 

2TrK (^/A~^\b 2 - b q |)0(A a36 ) + n 2 (-N (y/\A^~\\b 2 - b q |) + i J (^\A a36 \ |b 2 - b q |)) 9{-A a36 ) 

2rrK (^B^' 6 \b' 2 \)9(B a36 ) + rr 2 (-N (y/\B^\\b' a \) + iJo(V\Brta\M\)) 0(--B«3fl) 
[27rA- (v/a^|b 2 - b' 2 + b' 3 - b q |)0(C o36 ) + 

7T 2 (-N (^\C~^\\h 2 - b' 2 + b' 3 - b q |) + iJo(V\C^\\b 2 -b' 2 + b' 3 - b q |)) 6(-C a36 )) 
2irK Q (^D^\b' 3 - b q |)0(£> a36 ) + 7T 2 (-iY (v^D^|b 3 - b q |) + U a W\D a36 \\b' 3 - b q |)) 6(-D a36 ) 

(211) 



hi 



I 



dz\dzidz 3 



oc 3 



o 21(1-21)22(1-22)^1^3! 



7T 3 if 1 ( A /X 3 Z 3 >(Z 3 ) + — [TVi(v^Z^) - zJi(VX^)]0(-Z 3 ) 



(212) 



with 



Z 3 = B b i(l - 23) 



~3 



2 2 (1 - 2 2 ) 



C W (l-2 2 ) + 



~2 



2i(l - 2i) 



[i4ji(l-zi) + £> 6 izi] 



X 3 = [-bi + 2 2 (K + b q ) - (b 2 - b q )2 2 (l - 2l)] 2 + 



^2(1 - Zl) r 



"-3 



[-bi - b q - (b 2 - b q )zi]' 



(213) 



with 



n 



62 



^(V^ilbi + b q |)0(Zi) + y[JVi(V|^i||bi + bq|) - iJiM^Hbi + b q |)]0(-Z 1 ) 



2 7 r J ftr (V^2"|b2 + bi|)e(i4«j) + ^ 2 (-iVo(^2T|b 2 + bi|) + iJ (^4^j|b 2 + b' x |) ) 0(-A M ) 
2^A' o (v/^2> q |)0(B b2 ) +7T 2 f-7V (v^d|b q |) +iJo(/T^2T|b q |)) 0(-£?62 



£1 = C* fc2 z + £> 62 (l-z) ■ 



(214) 
(215) 



b3 



2nK (^/A^\b 2 - b 3 - b q |)0(A b3 ) + 7T 2 ( -iV (v / M|b a - b 8 - b q |) + iJ a {yJ\A^\\b 2 - b 3 - b q |)) 0(-i4 



lb3j 



27rA- (vAB^|b 3 - bi|)fl(B M ) +t 2 -^o(vOB^|b3 - bi|) + i J (V\Bb3\\*> 3 - bi|)) 0(-B M ) 



27rAo(v / a 3 |b' 1 + b q |)#(C 63 ) + ^ 2 (-iV (v^3T|bi+b q |)+iJ (v^||bi+b q |)) 0(-C M ) 
27rAo(VA 3 > 3 |)0(A,3) + ^ 2 f-^Vo(^A3T|b 3 |) + «Jo(/TDd|b3|)) 0(--D 63 ) 



(216) 



39 



O b4 = 
2ttK ( 



A bi \b 2 - b 3 + b'MAu) + 7T 2 ( -N (V\A^\\h 2 - b 3 + b' ± \) + i J (v^4^|b 2 b 3 + bi|) ) 0(— Am) 



2^ ( v / ^|b 3 + hq\)e(B M ) + tt 2 (-JV ( vTB^[|b 3 + b q |) + iJ (v^B^|b 3 + b q |) ) 9(—B, 



2^ ( v ^|b' 1 + b q |)#(C b4 ) + tt 2 f-7V (v^4T|bi + b q |) + iJoC/lG^IK + b q |)) 0(-C M ) 



27rK (y/DM\b 3 \)0(D b4 ) + n 2 l-N (y/\DM\\b 3 \) + iJ (V\Db*\M) )0(-D bA 



(217) 



n b5 = 

2nK ( VA^Ibi b 2 + b q |)#(A b5 ) + tt 2 (-iVoCv^A^Ibi - b 2 + b q |) + i J (vlA^[|bi b 2 + b q |) 
2nK {^fB b ~ 5 \h 1 ~h' 1 \)6(B b5 )+n 2 (-JV (v^6||bi - bi|) + iJ (v^[|bi - bi|)) 0(-B 65 ) 
27tA' ( V^lbi + b q |)0(C 65 ) + rr 2 f-JV (V^||bi + b q |) + iJ (V\Q*\\*>i + b q |)) #(~C b5 ) 



27riiro(V^|bi|)0(D 65 ) + tt 2 (-JVo(vTDMllbil) + iJ (vTD^||bi|) ) e(-£» 65 ) 



f-A 



65 J 



(218) 



ft 66 = 

2TrK (^A^\b' 2 \)d(A b6 ) +7T 2 (-N Q {y/\A^\\b' 2 \) + i Jo( v / ^|b 2 |)) 0(-A 66 ) 
2 7 rA' (/B^|b 1 + b q |)0(B 66 ) + rr 2 (-JV (v^[|bi + b q |) + iJ (v^j|bi + b q |)) 0(--B M ) 
2 7 rA'o(v / ^|b' 1 + b q |)0(C b6 ) + tt 2 (-JV (vTa«||bi + b q |) + UoiVlQ^K + b q |)) 0(-<7 M ) 
2 7 rA- (v / A^|bi 1)^66) +7T 2 (-iV (v^||bi|)+iJ (^D 6 ^|bi|)) 

(219) 



n b7 = 

2 7 rA'o(v / A^|b 2 - b q |)#(A b7 ) + rr 2 (-N (^/\A^\\b 2 - b q |) + iJ Q {^M\b 2 - b q |)) 9(-A b7 ) 
2irK Q (^B b ~ 7 ~\b' 1 \)d(B b7 )+ir 2 (-7V (v / W|b'i|) + iJ (V\Bb7\K\)) 0(-Bfc7) 

2 7 r/v (v / a^|b 2 + bi - b' a |)0(C b7 ) + tt 2 (-N (y/\C^\\b 2 + K - b' 2 |) + iJ (^/\C^\\b 2 + b' x - b' a |)) 6(-C b7 ) 
[27tA (/d^| b 2 + b 2 + b q |)0(.D fe7 ) + 

tt 2 (— JVbCv^DwTl b 2 + b' a + b q |) + iJo(v^Ddl b 2 + b 2 + b q |)) 0(-£> 67 )] 

(220) 
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n bs = 

"27rA- o (v/^im)0(A b8 ) +7T 2 (-N a (v^\\b' 2 \)+iJ Q (^/\A^\\h' 2 \)) 6{-A m ) 
[2ttK (^B^\ - b 2 bi + b' 2 + b q |)0(B b8 ) + 

[-N (V\B^\\ -ha- K +h' 2 + b q |) + i J (v / TSbdl - b a - K + b' 2 + b q |)) 9(-B bs )} 

~N (^\C^\\b 2 + bi - b' a |) + iJ (^Od|b 2 + bi - b 2 |)) 0(-C M ) 



27rA- ( V08|b 2 + K - b 2 |)0(C 68 ) + tt 2 
[2^^Ko(^/D^\ b 2 + b' 2 + b q |)0(£> 68 ) + 



^ 2 -^o(vODfcdl b 2 + b' a + b q |) + iJ (V\Db&\\ h 2 +b' 2 + b q |) 0(-D M )] 



(221) 



i 

2 



2 7 rA- (v / ^2 |b2 ~ Wl + h '*\M A ^ + ^ ( -tfoMAol^lba - K + b 2 |) + zJ (v^d 5 l b 2 - b i + b' 2 |) ) 0{-A cl ) 



27rA- (/B^-|b 2 - bi - W 2 \)0(B cl ) + ir 2 



-N (^\B^\-\h 2 - bi - b' 2 |) +iJo(V\B^\-\h 2 - bi - b 2 |) ) 6{-B cl ) 



[2wK (y/C~[-\ b 2 + bi + b' 2 + 2b q |)0(C cl ) + 

7T 2 (-N (^/\C^\^\ -b 2 + bi + b'a + 2b q |) + iJoM^^I b 2 + bi + b' 2 + 2b q |)) 0(-C c i)] 



27rA (/D^|b 2 - b' a - b q |)0(£> c i) + tt 2 -iY (vOD^|b 2 - b 2 - b q |) + iM^\D~[\\b 2 - b' 2 - b q |) 9{-D cl ) 



(222) 



O c2 = 

i[2^A (yi^i|2b 2 - bi - b q |)0(A c2 ) + 



■1 



tt 2 (-iV (V|^-|2b 2 - K - b q |) + iM^\A^\-\2b 2 - bi - b q |)J 6{-A c2 )} 
[2^A (/B^i|2b 3 - bi + b q |)#(B c2 ) + 

n 2 (-N (y/\B^\2b a - bi + b q |) + U {^\B^\2b A - bi + b q |)) 6{-B c2 )\ 



2nK (VCa^K + 2b q |)0(C c2 ) + ir 2 (^o(v4^2| 3 IK + 2b q |) + 4 J (v^d ^IK + 2b q |) ) 6(-C c2 ) 
2nK Q {^D~~ 2 \b s \)6(D c2 ) + tt 2 (-iVo(vTAflI|bji|) + iJo(^D^||b 3 |)) 



(223) 

Appendix E: Expressions for if^? 

-ff£? corresponding to the form factors defined in eq.J2J with a "tilde" for B° — > A+j5. The expressions for diagrams 
(al)~(a36) in Fig. □ (bl)~(b8) in Fig. EJand (cl), (c2) in Fig. Elare listed in the following. 
For the hard amplitudes of Fig.l(al): 



A v = A A = B v = B A = 16m|r 2 (-l + r 2 )(l - y) 
A T = -B T = 32m|r 2 (-l + r 2 )(l - y) 



(224) 
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For the hard amplitudes of Fig.l(a2): 

AV = -A A = -B~v 
For the hard amplitudes of Fig.l(a3): 

For the hard amplitudes of Fig.l(a4): 

A T 

For the hard amplitudes of Fig.l(a5): 

J\v = -AA = -B~V = fiA = -lQ m 5 B r(r 2 - l) 2 x 2 x' 3 (228) 

For the hard amplitudes of Fig.l(a6): 

= = -16m|r(-l + r 2 )(r(-l + x 2 + y) + (-1 + x 2 )(x' 2 - r 2 x' 2 + r(-l + x 2 + y))) 
AA = B~V = -16m|r(-l + r 2 )(r(-l + x 2 + y) + (-1 + x 2 ){-x' 2 + r 2 x' 2 + r(-l + £2 + y))) 
I? = -B T = -32m|r 2 (-l + r 2 )z 2 (-l + x 2 + y) (229) 

For the hard amplitudes of Fig.l(a7): 

A^ = -AA = -B~v = £^ = -16m|r(-l + r 2 )x 2 (230) 
For the hard amplitudes of Fig.l(a8): 

A v = B A = -16m|j(l - r 2 )(m c r + m B {r 2 (-l + x' 3 ) - x 3 ) + (x 2 - j/)(-(m c (-l + r)r) + 
m B (r 2 (-l + x' 3 ) -x' 3 + r 3 (-l + Xl + y)))) 

A A = B v = l6m B {l-r 2 ){-m c r + m, B (-r 2 (-l + x 3 )+x 3 ) + {x 2 -y){-(m c r(l+r)) + 

m B (-(r 2 (-l + x' 3 )) + x' 3 + r 3 (-l + x x + y)))) (231) 

For the hard amplitudes of Fig.l(a9): 

AY = -AA = -B~v = B^ = 16m|(-l + r 2 )(m 2 r + m c m B (r 2 {-1 + x 3 ) - x 3 ) + 

m c m B (l + (-1 + r 2 )x\ + r 2 {-x 3 + y)) - m 2 B r(-l + x x + y)(l + (-1 + r 2 )x\ + r 2 (-x 3 + y))) (232) 

For the hard amplitudes of Fig.l(alO): 

AV = -AA = -BV = B~ A = 16m c m%r 2 (-l + r 2 )(l - y) (233) 

For the hard amplitudes of Fig.l(all): 

A~v = -A A = -BV = ~BA = -16m|(-l + r 2 ) 2 x' 2 (-m c + m B r(-l + xi + y)) (234) 
For the hard amplitudes of Fig.l(al2): 

A^ = AA = BV = B~ A = -I6m%(-1 + r 2 )x 2 {m c r + m B (r 2 (-l + x 3 ) - x' 3 )) (235) 
For the hard amplitudes of Fig.l(al3): 

AV = -AA = -BV = B A = -16m%(l - r 2 )(?7i B r 3 {x 3 - y)(-l + x 2 + y) + m c (x' 2 + r 2 (-l + x 2 - x 2 + y))) 

(236) 



B A = 16m|r(-l + r 2 ) 2 4(-l + x 2 ) 



(225) 



AA — B v = B A = 
B T = 



(226) 



A A = B v = b a = 
BT = 



(227) 



42 

For the hard amplitudes of Fig.l(al4): 

AY = -AA = -W = B^= -16m|r(-l + r 2 )(l + (-1 + r 2 )x[)x 2 (237) 
For the hard amplitudes of Fig.l(al5): 

AY = B 1 = 16m|(-l + r 2 )((l - r 2 )x' 3 - (x 2 - y)(-x' 3 + r 2 x' 3 + r 3 (-l + x 3 + y))) 

AA = = -16m|(-l + r 2 )((-l + r 2 )x' 3 - (x 2 - y)(x' 3 - r 2 x' 3 + r 3 (-l + x 3 + y))) (238) 

For the hard amplitudes of Fig.l(al6): 

AY = -AA = -BV =B* = 16m c m B r 2 (-l + r 2 )(-l + x 3 + y) (239) 

For the hard amplitudes of Fig.l(al7): 

AY = -A A = -W = 1$A = lQm B r 3 (-l + r 2 )(-xi+y)(-l + x 3 + y) (240) 

For the hard amplitudes of Fig.l(al8): 

A^v = -A A = -W = B A = -16m%r(-l+r 2 ) 2 x' 2 (x 1 -y) (241) 
For the hard amplitudes of Fig.l(al9): 

AV = M = B^ = 1^ =l6m B {-l + r 2 ) 2 x 2 x' 3 (242) 
For the hard amplitudes of Fig.l(a20): 

AV = -AA = -BV =B* = -16m|r(l - r 2 )(- Xl + y)(x' 2 + r 2 (-l + x 2 - x' 2 + y)) (243) 
For the hard amplitudes of Fig.l(a21): 

A^ = AA =5^ = 5^ = 

A T = B T = (244) 

For the hard amplitudes of Fig.l(a22): 

~AY = A a = B^ =B~a = -16m|r 2 (-l + r 2 )(l - y) 

AY = -BT = -32m B r 2 (-l + r 2 )(l-y) (245) 
For the hard amplitudes of Fig.l(a23): 

= AA = lf' = 3* = 16m|(-l + r 2 )(m c r + m B (-x' 2 + r 2 (-2 + x' 2 + x 3 ))){\ - y) 
A? = -B T = -32m|r(-l + r 2 )(2m c + m B r(-l + x 3 ))(l - y) (246) 

For the hard amplitudes of Fig. 1 (a24) : 

2^ = M = B~v =3^ = -16m|(-l + r 2 ) 2 4(l - y) 

A T = -BT = 64m|r 2 (-l + r 2 )(-l + Xl )(l - y) (247) 
For the hard amplitudes of Fig.l(a25): 

AV = AA = B^ = EA = \Qm B r 2 {-\ + r 2 )(l - y)(-l + x 2 + y) 

A T = -BT = 32m 5 B r 2 (-l + r 2 )(l - y)(-l + x 2 + y) (248) 
For the hard amplitudes of Fig.l(a26): 

A^ = -AA = -3^ = 3^ = 16m 5 B r(-l + r 2 ) 2 x 2 (249) 
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For the hard amplitudes of Fig. 1 (a27) : 

AV = Jk = gv = ~^a = i6 ?71 | r 2 (-l + r 2 )(-l + x 2 + yf 

A T = -B T = 32m|r 2 (-l + r 2 )(-l + x 2 + y) 2 (250) 
For the hard amplitudes of Fig.l(a28): 

A^ = —AA = —BV = B~A = —I6m%r(—1 + r 2 ) 2 x 2 (251) 
For the hard amplitudes of Fig.l(a29): 

~A^ = -AA = -BV =B* = 16m|r(-l + r 2 )(l - y)(-m c r + ?n B {l + (-1 + r 2 )x[ + r 2 (-x 3 + y))) (252) 
For the hard amplitudes of Fig.l(a30): 

~AV = -AA = -BV = B^= -16m|r 3 (-l + r 2 )(l - y)(-x 1 + y) (253) 
For the hard amplitudes of Fig.l(a31): 

~AV = -AA = -B~v = £A = 16m|r(-l + r 2 )(l - y) 

A T = -B T = Z2m\r 2 {-\ + r 2 ){\-y)x 2 (254) 
For the hard amplitudes of Fig.l(a32): 

A^ = —AA = -B^ =B~a= 16m|r(-l + r 2 ) 2 (l - y) 

A? = -B~ T = -32m|r 2 (-l + r 2 )(l - y){-\ + x 2 + y) (255) 
For the hard amplitudes of Fig.l(a33): 

AV = —AA = -B~v =BA = -16m|m c (-l + r 2 ) 2 x' 3 (256) 
For the hard amplitudes of Fig.l(a34): 

AV = -AA = -B~v =B~A = -Wm%r(-1 + r 2 ) 2 x' 3 (-X! + y) (257) 
For the hard amplitudes of Fig.l(a35): 

^ = B~A = -16m%r(l - r 2 )(r(-l + x 2 + y) + (-1 + x 2 )(-x' 3 + r 2 x' 3 + r(-l + x 2 + y))) 

AA =BV = -16m|r(l - r 2 )(r(-l + x2 + y) + (-1 + x 2 ){x 3 - r 2 x 3 + r(-l + x 2 + y))) (258) 

For the hard amplitudes of Fig.l(a36): 

~A~v =EA =A a = BV ' = -16m|r 2 (-l + r 2 )(-l + x 2 + y) 2 (259) 

For the hard amplitudes of Fig.2(bl): 

Ay = AA = = B~A = 

A T = B T = (260) 

For the hard amplitudes of Fig.2(b2): 

~AV = —AA = —B~v = B~a = -16m|r(-l + r 2 )x\ (261) 
For the hard amplitudes of Fig.2(b3): 

= A^ = B~v = BA = -16m|(-l + r 2 )x 2 (-m c r + m B ((-l + r 2 )x[ + y)) (262) 
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For the hard amplitudes of Fig.2(b4): 

A? = -B T = 32raf,r(-l + r 2 )x 2 (m c + m B r(-l + x 3 )) (263) 
For the hard amplitudes of Fig.2(b5): 

A^ = AA = W =RA = I6m|(-1 + r 2 )x 2 (r 2 {-l + x[) - x\ + y) (264) 
For the hard amplitudes of Fig.2(b6): 

A T = -B T = -32m|r 2 (-l + r 2 )x 2 (-l + Xl ) (265) 
For the hard amplitudes of Fig.2(b7): 

Ay = AA =BV =BA = 

A T = B T = (266) 

For the hard amplitudes of Fig.2(b8): 

= -AA = -BV = B~A = 16m%r(-l + r 2 )xj (267) 

For the hard amplitudes of Fig.3(cl): 

AF = 'bA = 8m%r(l - r 2 )(l + x 2 - y - r(-2 + x 2 + 2y) - (-1 + x 2 ){x' 2 - x' 3 + r 2 (~x' 2 + x' 3 ) + r(-2 + x 2 + 2y))) 
A A = BV = -8m|r(l - r 2 )(l + x 2 - y + r(-2 + x 2 + 2y) + (-1 + x 2 )(-x' 2 + r 2 (x' 2 - x' 3 ) + x' 3 + r(-2 + x 2 + 2y))) 
A? = -BT = 16m|r 2 (-l + r 2 )x 2 {-2 + x 2 + 2y) (268) 

For the hard amplitudes of Fig.3(c2): 

AV = -AA = —B~V ='BA = -8m%(-l + r 2 ){m B r{{\ + (-1 + r 2 )x[ + r 2 {x 3 - y))(l + x 2 - y) + 

3r 2 (x 3 - y)(-l + y)) + m c (x' 2 -x' 3 + r 2 (-2 + x 2 - x' 2 + x' 3 + 2y))) (269) 
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